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THEORY OF BIOLOGICAL SIMILARITY APPLIED TO SOME 
DATA OF COMPARATIVE PHYSIOLOGY 


B. GUNTHER ** AND E. GUERRA ** 


N PREVIOUS papers (',’) the theory of biological similitarity was applied 
to different functions in mammals, as well as to the allometric growth 
equations for several of their organs (°). 

The purpose of the present paper is to study in the light of the same 
theory some particular functions in a wide range of species (from micro- 
organisms to blue whales) and to compare the empirical values of exponent 
b of equation y = aX” with the theoretic limits predicted by the theory 
of biological similitary (*,*). 

Furthermore, an extrapolation of empirical equations was attempted, 
i.e., from the flight characteristics of different birds and insects it is pos- 
sible to predict what might be the dimensions and flight properties of a 
new machine with which a man could fly by his own muscular effort. 
These calculations seem to justify the old dream of mankind to fly in a 
similar way as birds and insects do. 

Finally, the meaning of the parameters a and b of the general equa- 
tion y = aW” is discussed, where W represents the body weight. The in- 
fluence of body temperature on parameter a is analized with more detail. 


Flight of birds and insects. 


Figure 1 shows, in a double logarithmic scale, the fligth characteristics 
of some insects and birds, which were obtained from actual measurements 
published by Bierknes (*). These data go from the fly, with a body weight 
of 0.01 g, to the stork with 3500 g of body weight. In Table I we find the 
correlation coefficients and the logarithmic equations (N° 5, 6, 7 and 8) of 
four flight properties (length of the wing, velocity of the wing tip, fre- 
quency and force of the wings). It is interesting to note, that the exponents 
of body weight (W) obtained from the empirical equations are in good 


* Instituto de Fisiologia, Escuela de Medicina, Universidad de Chile, e Instituto 
de Matematica, Universidad de Concepcién, Chile. 

** Present address: Instituto de Fisiologia. Universidad de Chile, Casilla 178-V, 
Valparaiso, Chile. S. A. 
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agreement with the limiting values deduced from the theory of biological 
similarity. For instance, for the length of the wing (L) the empirical 
exponent of body weight is 0.39 instead of 0.3(3) * which is the theoretic 
one. The exponent for the velocity (V) of the wing tip should vary 
theoretically between 0.00 and 0.16(6) ; the empirical value obtained was 
0.011. The force of the wing (F) can have exponent from 0.6(6) to 1.00; 
the empirical equation gave 0.82. The frequency of wing beats per second 
(f) can have exponents between —0.16(6) and —0.33(3) and a value of 
—0.38 was found. 


> § 
+44 5 
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: ' 4 
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log +1 
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0; 
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Length of wing (m) 
L= 0.03 
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log BODY WEIGHT (g) 
Fic. 1.— Flight characteristics of biras an? insects. Ordinates: log of functions and 
Abscissae: log body weight, .n grams. ‘ 
* — Extrapolated values for a weight of 100 Kg, correspouding to a man of 70 Kg 
body weight plus 30 Kg flight accesories. 


The slight differences between the predicted and the empirical values 
can be ascribed to the following causes: 

1°) to the reduced number of experimental observations (6 in total). 

2°) we do not know if this six figures are mean values, or isolated 

observations. 

3°) since these measurements were published many years ago we 

ignore if the methods employed were sufficiently exact. 

For these reasons, only numerous new observations, made with the 
best methods at hand, can establish ii the future whether the differences 
between the empirical and the theoretical body weight exponents are 
statistically different or not. 


* 0.3(3) = 0.333. 
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TABLE I 
Flight characterestics of birds and insects in relation to body weight (W) 
Experi- 
Logarithmic equations Body Correlation manned 
Functions N° | The theoretical limits are given| weight] coefficient 
in brackets in “y” 
from 
Flight surface | 1) | log S = 0.664 log W — 0.551 Kg 0.995 12 
(m?) (0.66) and (0.66) 
Pressure 2) | log P = 0.337 log W + 0.55 Kg 0.982 12 
(Kg/m?) (0.33) and (0.00) 
Speed 3) | log V = 0.168 log W + 0.923 Ke 0.980 | 12 
(m/sec) (0.16) and (0.00) 
Power 4) | log P,, = 0.667 log W — 0.555 Kg 1.00 14 
(Kgm/sec) (1.16) and (0.66) 
Force 5) | log F = 0.82 log W + 0.185 g 1.00 2 
wing beat (1.00) and (0.66) 
(g-weight) 
Speed 6) | log V =0.011 log W + 0.709 g 0.378 2 
wing tip (0.16) and (0.00) 
(m/sec) 
Length 7) | log L = 0.393 log W — 1.467 g 1.00 2 
of wing (0.33) 
(m) 
Wing beats 8) | log f = —0.382 log W + 1.682 zg — 0.992 2 
per second (—0.16) and (—0.33) 


Figure 2 shows the values of another series of observations, obtained 
from Piitter (*), concerning measurements of flight characteristics of 
butterflies, several birds, and bats. 

The original data are represented as usual in a double logarithmic 
scale. Equation 1, 2 and 3 of Table I show, that the surface (S) has an 
exponent 0.664 of body weight; the exponent according to the theory of 
similitarity is 0.6 (6). For pressure (P) the empirical exponent is 0.337, 
while the theoretical limits are 0.3(3) and 0.0(0). Finally, for the velocity 
of flight (V), the empirical exponent of body weight was 0.168 in contrast 
with the theoretical limits of 0.16(6) and 0.0(0). As can be seen, the agree- 
ment between theoretical predictions and empirical data is quite satisfac- 
tory. 

The power (P,) of flight (Fig. 3) for birds of different body weight 

(from the hummingbird of 8 g. to the condor of approximately 12.700 g 
weight) gave an exponent for the empirical equation of 0.667 (equation 
4, Table I), in comparison with the theoretical limits of 1.16(6) to 0.6(6). 
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On the possibility of human flight by own muscular effort. 


Starting from the logarithmic linear equations obtained from all 
flying animals it is possible to extrapolate to values of body weight 
corresponding to 100 Kg. This could correspond to the weight of a human 
being of 70 Kg, with additional 30 Kg of flight accesories. 


0 4 
log 
Velocity (V) 
A Velocity J 
O Pressure (P) 
-3- 
@ Surface (S) 
“4 “3 0 +1 +2 


log BODY WEIGHT (kg) 
Fic. 2. — Flight characteristics of butterflies, bats and birds, concerning velocity (V), 
pressure (P) and surface (S) represented in a double logarithmic scale. 
* — corresponds to a weight of 100 Kg (man plus fl.ght accesories). 
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log 


POWER 
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— 


log BODY WEIGHT (kg). 


Fic. 3.— Power of flight of different birds in relation to body weight. Double loga- 
rithmic scale, 


condor, 
| log P=0667 log BW-0555~, Ziibatross 
| = (r = 1.0) stork 
pigeon 
swallow 
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In figure 1, 2, 3 we can find (by graphic explotation) the corres- 
ponding values for this weight of 100 Kg. If greater precision is needed, 
the exact values can be deduced from equations of Table I. 

All the calculated values for this weight can be found in Table II. It 


TABLE II 


Flight characteristics of a human being of 70 Kg body weight and 30 Kg flight 
accesories (total weight = 100 Kg) 


Functions Estimated values 
Flight surface 1 6.0 m? 
Pressure 2 16.8 Kg/m? 
Speed 3 18.2 m/sec 
Power 4 6.0 Kgm/sec 
Force wing beat 5 19.28 Kg-weight 
Speed wing tip 6 5.81 m/sec 
Length of wing 3 3.15 m 
Wing beats per second 8 0.592/sec 


is interesting to note, that this possible flight machine should have wings 
3.15 m long, with flight surface of 6 m*, and a frequency of 36 wing beats 
per minute, reaching a velocity of 65 km/h. The necessary power will be 
6 k/g sec, or 1/10 HP, which is less than the power needed for walking 
or running in ordinary conditions. 

The aforementioned calculations seem to indicate, that the human 
beings should be able to fly by their muscular effort, excepting that there 
are empirical limits for equations of Table I, as it is the case for very small 
insects, in which air viscosity is a limiting factor for flight. 

We assume that the numerous failures of human flight experiments 
have been due 1°) to lack of theoretical informations from comparative 
physiology, 2°) inadequate materials for building this type of flying ma- 
chines, and 3°) to insufficient personal training in this particular kind of 
fluttering or sailing flight, which should be an imitation of the natural 
flight of birds and insects. 


Some similarity equations applied to extreme values of body weight. 


Among the numerous similarity equations (*) there are several which 
might be applied to micro-organisms. For instance the logarithmic equation 
for length of life (L) is: 


100 GUNTHER AND GUERRA 


log Li (vears) = 0.291 log W + 0.876; 
and for the growth period (T) we have: 
log Timontnsy = 0.255 log Wx.) + 1.168 


where W represents always body weight. Both equations are based on ob- 
servations made on homoiotherms, with body weight ranging from 10 g 
to 100 Kg. 

The extrapolation of these equations to a spherical virus particle 
of 350 A diameter, with a calculated weight of 2 x 10°" Kg and density 
equal one, gives a life duration (L) of 7.3 minutes. As a reference value, 
Stent ("") mentioned that after 12 minutes the spermatozoon-like virus, 
which infects bacterium “Escherichia coli’, has formed the first new par- 
ticles, and after 20 minutes the coat contains nucleic acid. It is noterworthy, 
that despite the fact that in both cases the virus particles are quite diffe- 
rent in size and shape, the order of magnitude of the time scale is prac- 
tically the same. 

For bacteria of an assumed weight of 10 ''° Kg, the calculated genera- 
tion time or the length of life (L) vary around 170 minutes at 37°C. 
According to Porter ("*) the “generation time” of these micro-organisms 
varies from 9 minutes for “Bacillus megatherium” to 20-30 minutes for 
“Eberthellae’’, and even longer for other bacillus. Only for the metabolic 
intensity of bacteria did we find references in the literature (*). Accord- 
ing to Porter ('*) the metabolism of a bacterium of 10°'° Kg weight attain 
600 Cal/Kg/h, a value which is tremendous in comparison to man (1 
Cal/Kg/h). 

For an amoeba of 2 < 10-'' Kg reduced weight, Mazia ('') has found 
that 24 hours are necessary for a daughter cell to reach the final size 
and the division process is initiated (24°C). The calculated length of life 
(L) is around 48-50 hours; and the growth period (T), for reaching 98 % 
of the mature weight, is of 17 hours, a figure which is in good agreement 
with the experimental value of 20 hours (range 20 to 36 hours depend- 
ing on the initial weight of the daughter cell). ; 

Despite the fact that in the three above mentioned examples the em- 
pirical equations for mammalian functions were applied to the most mi- 
nute living beings, and that the original data can only have a statistical 
meaning, the calculated and the observed values are within the possible 
range of variability. This result reinforces the postulate of the general 
validity of the exponents predetermined by the theory of biological si- 
milarity. 

On the other end of the weight scale we have the largest existing 
mammals, the blue whales, whose weight can surpass 100 tons. In this 
particular case it might be also licit to apply the general equations of the 
theory. The calculated figures can be found in Table III. The oxygen 
consumption of the blue whale has been calculated by Hemmingsen (‘) 
(p. 22). Unfortunately, it is very difficult to check these values, due to 
the great dimensions of these animals and to the fact that is almost impos- 
sible to get physiological conditions. King, Jenks and White (°) have 
been able to measure the heart rate, by means of electrocardiographic re- 
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cording, on a Beluga whale of 14 feet long and an estimated weight of 
1136 Kg. They found heart frequencies between 12 and 24 per minute. 


For a 100 tons blue whale, we calculated a heart rate of.13 /min. 
There is only one contradiction in our theoretically deduced values 
(see Table III). For a heart rate of 13/min and a stroke-volumen of 565 


TABLE 


Calculated values for different functions of a whale of 100 tons body weight. For all 
equations W means body weight in Kg, except in some cases where W is expressed 


in grams (g) 


Function 


Arterial pressure 
Heart rate 
Blood volume 


Circulatory minute-vo- 
lume 


Stroke-volume 


Total peripheral resis- 


tance 
Respiratory frequency 


Respiratory minute-vo- 
lume 


Tidal air 
Duration of pregnancy 


Growth period (98 % 
mature weight) 


Length of life 


Logarithmic equations 


Calculated 
values 


log AP = 0.032 log W + 2.041 
log F,. = — 0.28 log W + 2.515 
log Q, = 0.99 log W,,, — 1.26 


(x) 


log Q, = 0.795 log W + 2.265 


log V, = 1.23 log W — 0.3974 


log TPR = 0.681 log W + 4.471 


log F, = — 0.298 log W,,, + 2.738 
log V = 0.669 log W,,, + 0.864 
log V, = 0.97 log W,,, — 1.935 


log G= 0.304 log W + 1.669 


log Ty, = 0.255 log W + 1.168 


log L= 0.291 log W + 0.876 


159 mmHg 
13/ minute 
4580 liters 


1738 liters/min 
565 liters 


dynes X sec 
11.66 ]- - 


2.6/minute 


1644 liters/minute 


668 liters 
4.2 years 


277.4 month or 
23.1 years 


214.3 years 


liters, the minute-volume should be 7345 liters/minute, and not 1378 li- 
ters/minute as calculated according to the equation mentioned in Table ITI. 
Therefore, one of these empirical equations is not adequate. 

Noteworthy is the extreme low total peripheral resistance. The whale 
has only 11.66 absolute units, in comparison to man which has 1800 abso- 
lute units of peripheral resistance. 

Concerning the respiratory function of the whale we found only 
isolated figures [Laurie (*°), Gunther (°)], which differ markedly accord- 
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ing to the circumstances of observation. It is very likely that our cal- 
culations of respiratory function of the whale are correct, since the origi- 
nal data concerning this function on mammals of different size are nu- 
merous and accurate (7). Nevertheless, it is possible that the aquatic 
habitat of the whale, may greatly influence this function, particularly due 
to the long periods of submersion, making the extrapolation from terres- 
trial mammals an inadequate method of calculation. 

Of great theoretical and practical interest are the calculated figures 
for the periods of gestation, of growth, and the duration of life of the blue 
whales (see Table III). 


The meaning of parameters a and b of equation y = aW’. 


We have analized in detail the theoretical limits of exponent b, accord- 
ing to the rules of mechanical and electrodynamic similarity (*). For 
functions of different models of plants or animals the value of b can 
vary, but always within two predetermined theoretical limits, obtain- 
able by calculation. 

For the “allometric growth” of different organism in relation to 
body weight, the exponent D can also fluctuate only within certain limits, 
which are determined by calculation according to the theory of biological 
similarity (‘) as discussed in a previous paper (°), in which equation (8) 
states that W. = a,W,bs, being W. the organ weight and W, the body 
weight. Parameter b, is a quotient obtained by division of parameters 
b, and b., both with limits according to the theory of similarity. Hence, 


b, (minimum) b, (maximum) 
< bs< 
bo. (maximum) b. (minimum) 

On the other hand parameter a cannot be calculated and its values 
are always obtained from the empirical equations. 

One of the factors which is able to modify the value of a is the 
temperature of the model. For instance, the metabolism of homoiotherms 
(39°C) differs markedly from the metabolism of poikilotherms (20°C) 
when this comparison is made for the same body weight (see Hemming- 
sen) (*). In homoiotherms the logarithm of metabolism (log Cal/h) is 
equal to — 1.67 + 0.73 logW,. and in poikilotherms the metabolic equation 
is — 3.22 + 0.73 logW,.,. where W represents body weight in grams. 
From the above mentioned two equations it can be deduced, that for a 
body temperature difference of 19°C the metabolism is 40 times higher in 
homoiotherms than in poikilotherms; parameters b being the same (0.73). 
Now, it might be assumed that homoiotherms are simply poikilotherms, 
which instead of having a body temperature of 20°C are able to regulate 
at 39°C. This would be the case provided the temperature is the only 
factor that modifies the value of a, but there are certain observations that 
indicate the existence of other factors which determine variations of this 
parameter. 

For instance, when a comparison between two different models 
(mammals and reptiles) of the same body weight and at equal temperatu- 
re was made, it was found that the metabolic intensity is quite different 
in both cases. According to Giaja (*) the metabolism of homoiotherms is 
6.6 Cal/Kg/h, in contrast to 1.5 Cal/Kg/h for poikilotherms. This result 
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means, that in apparent equal conditions (body weight and temperature) 
one value is 4.4 times higher than the other. The same kind of differen- 
ces has been described for other functions, i.e. for arterial pressure (Rod- 
bard) ("°), for heart rate, respiratory frequency and oxygen consumption 
(Adolph) (*). 

Finally it is interesting to note, that Hemmingsen (*) has found 
for a specific function, the energy metabolism, that plants and poikilo- 
therms of similar body weight (W), follow exactly the same logarithmic 
equation at 20°C: 

log Cal/hour = —3.22 + 0.73 logW,., 


SUMMARY 


1) The empirical equations of the flight characteristics of birds and 
insects are compared with the predicted exponents according to 
the theory of. biological similarity. By extrapolation of these 
logarithmic equations it is possible to calculate that man could fly 
using his own musculature as a source of power. 

2) In order to study the general validity of the theory of biological 
similarity several empirical equations were extrapolated to the 
region of micro-organism (virus, bacteria, amoeba) and do the 
zone of the largest mammals (blue whales). The range analized 
covers 25 logarithmic scale units, i.e., from 10°" Kg to 10° Kg of 
body weight. 

3) The meaning of parameters a and b of the general equation 
y = aW” is discussed, where W represents body weight. The in- 
fluence of the temperature of the model on parameter a is analized 
in greater detail. 
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THE STAIRCASE PHENOMENON AND DISTENSION OF 
THE MYOCARDIUM OF “BUFO ARENARUM HENSEL’™ 


H. MAZZELLA 


(Depto. de Fis‘ologia, Facultad de Medicina, Montevideo, Uruguay) 


‘]. HE PURPOSE of the present study is to investigate in the myocardium 

of the toad Bufo arenarum H., the influence exerted by distension 
upon ventricular tension and upon the ventricular staircase. The latter 
phenomenon kas been extensively studied on the frog heart, but there 
is little information concerning its characteristics during mechanical 
changes. 


MATERIALS AND METHODS 


The heart was isolated in 72 Bufo arenarum H. and perfused with 
Ringer-O, (NaCl gr 0.65, KCl 0.014, CaCl. 0.012, NaHCO, 0.02, NaH.PO, 
0.001, water 100), or with slightly heparinised toad blood. In 47 of these 
experiments the ventricle was suspended from a cannula inserted into 
the aorta and attached to a three-way stopcock. An atrio-ventricular 
ligature was performed and the intraventricular pressure recorded with 
an electromanometer connected to a Sanborn Poly-viso (see fig. 1). This 
arrangement permitted a shift from isotonic to isometric conditions and 
vice versa, and the maintenance of variable degrees of distension. 

Distended ventricular fibers were submitted to a tension T that, 
according to the Laplace equation for a sphere (T = RP/2), is propor- 
tional to the intraventricular pressure P and to the radius R (Clark et al, 
1938). In consequence, pressure recordings under isovolumetric conditions 
directly reflect variations in tension. In the 25 remaining experiments 
isometric contractions of ventricular strips, 20 to 28 mm long and isola- 
ted in Ringer-O., were recorded by attaching one end to the container 
and the other end to the level of a strain gage (G7 Statham) in connec- 
tion with the Poly-viso. In order to modify the length of the strip, the 
strain gage was fixed to a movable support. All the experiments were 


* Presented in preliminary form at the Meeting of the Sociedad de Biologia de 
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performed at room temperature, between 15° and 21° C. Whole ventricles 
or strips were stimulated through a pair of platinum electrodes with 
rectangular pulses of 2-20 volts and 1 ms duration. Since frequencies of 
15-20 minute gave the highest values of systolic pressure, 40-50 mm Hg, 
these rates were used throughout unless stated otherwise. Stimulations 
were separated by resting periods of from 3 to 5 minutes. 


RESULTS 


Diastolic pressure. By means of the arrangement shown in fig. 1 it 
was possible to introduce into the ventricle different volumes, up to 


Heart 
/ 
A Ringer 
test 
) 
Fig. 1.— Arrangement for the experiments with isolated ventricle: a three-way 
stopcock connects the ventricle either with a syringe or w'th the electromano- 


meter, E.M. 


1.6 cc in 0.1 or 0.2 ce steps, cf Ringer and thereby provoke and maintain 
successive degrees of ventricular distension under isometric conditions. 
When the ventricle was distended beyond 0.4-0.6 ec, further introduction 
of Ringer provoked an increase of the diastolic pressure that reached ra- 
pidly a certain maximum value. The new diastolic volume being mainta- 
ined, the resting pressure immediately started to decline from the peak and 
did so following an exponential curve; after a variable time of from 
a few minutes to one hour, the basal pressure stabilized at a level higher 
than, equal to or lower than that before the distension. With volumes of 
1.2-1.6 cc, the peak resting pressure reached values of up to 180 mm Hg. 
It was usually possible to introduce up to 1.6 ce of Ringer without rupture 
of the ventricle; control experiments did not show any evidence of filtra- 
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tion through the myocardium. More marked distension did rupture the 
ventricle. 

Extraction of Ringer from the distended ventricle provoked a fall 
of pressure followed by exponential increase. 

Systoles. During the first increases of diastolic volume the height 
of the corresponding systoles increased; the strongest systoles occurred 
in the 0.4-0.6 ce range. 
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4 2 3 = st 
Fic. 2.— Diagram of change in time of diastolic pressure at increasing ventricular 
volumes of Ringer. Technique of fig. 1, isometric condit-ons, 

P: resting pressure in mm Hg. 

V: volume in ec. 

t: time in minutes. 

+ + : diastolic pressure with a ventricular filling of 0.25 ce (initial volume). 


The height of contractions was reduced with larger volumes, but 
systoles still remained effective even against the maximal diastolic pres- 
sure ever reached. At each value of diastolic volume and as the diastolic 
pressure decreased exponentially (see above), the pressure developed by 
the succeeding contractions increased progressively throughout a period 
of up to 3 minutes; later, the systolic pressure was gradually reduced 
and when the diastolic pressure become stabilized systoles were usually 
very small, perhaps on account of the deleterious effect of a long lasting 
isometric condition. 

Spontaneous systoles were frequent with volumes of from 0.6 to 
1.5 cc; both spontaneous and provoked systoles accelerated relaxation. 

The staircase phenomenon. Its general characteristics are similar 
to those observed in Rana (*) : shape and duration of the curve, influence 
of frequency of stimulation and temperature, etc. 
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The typical staircase curve appeared to be exponential, delay in 
reaching maximal pressure being greater after waiting for a longer 
resting period. Atypical (linear) growth curves could be observed: a) af- 
ter the ventricle remained inactive for about one hour instead of the usual 
3-5 minutes. If series were then repeated again, frequently typical curves 
reappeared. b) Following high frequency stimulation i.e. 5-100 pulses 
per second during one minute. 


-Y- 
an 

150 

140 


30 
SE 


120 T 

7 
00 1 

90 7 f 

60 7 ] 

10 

60 
50 7 

40 4 

30 y 


20 
1o-+¢ 2 


Qi OF OF 04 06 07 08 09 1.19 14 1.6 


Fic. 3. — Volume-pressure diagram of an isolated ventricle of BUFO under isometric 
conditions, as shown in fig. 1. 
P: pressure in mm Hg. 
V: volume of Ringer in ce. 
: diastolic pressure. 
—_— — — — : systolic pressure. 
The ventricular wall was broken with a final volume of 1.2 ce. 


The typical staircase was clearly visible with ventricular volumes 
of up to 0.6 cc, but when larger volumes were introduced, it did not go 
beyond 2-4 contractions, the initial systoles exerting very much the same 
pressure as those following; the staircase was thus reduced and occasion- 
aely exhibited only 2 steps. The relaxation which appeared at this stage 
of distension affected the systolic pressures and the resulting staircase. 
Furthermore, extrasystoles disrupted the staircase. 

Volume-pressure curves. A large number of these curves were cons- 
tructed. With the purpose of remaining within an interval in which the 
effect of distension upon the resting tension was still obvious, pressure 
values, diastolic and systolic, were selected from contractions provoked 
within 30 seconds of distension; the different points of each curve were 
obtained at a set interval within this period (fig. 3). In regard to 
shape the first portion of the systolic curve is similar to that of the 
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classical one made from observations on frogs (Frank*, Katz‘). On 
reaching higher values of diastolic volumes, however, a remarkable diffe- 
rence appeared: in the wellknown curves the systolic pressure falls as 
more marked degrees of distension are provoked, and finally the differen- 
tial pressure (systolic minus diastolic), reaches zero. In our experiments 
we observed that a) the systolic pressure curve ascends continuously and 
b) a certain value of differential pressure is preserved until the point of 
ventricular rupture is reached. 

The results obtained with intact ventricles have been reproduced 
with ventricles perfused with blood (typical staircase, ventricular disten- 
sion and volume-pressure relationship), and with ventricular segments 
in Rnger (effects of different lenghts on resting and developed pressure 
and on staircase). 

In the last mentioned experiments strips were elongated in steps 
of 0.6mm and reached without rupture lengths of more than 145 % 
from the initial value 100 %. 


DISCUSSION 


The foregoing results show that also the myocardium of Bufo 
arenarum presents the staircase phenomenon and that it exhibits most 
of the characteristics observed in Rana. 

The possibility of obtaining the cardiac staircase under perfusion 
with blood (or with the heart in situ), results that would not be seen 
on the frog heart (Hadju and Szent-Gyorgyi, 1952), suggests that in the 
Bufo the staircase may appear under physiological circumstances. 

Progressive distension reduces the staircase; this may be a conse- 
quence of the increased force of the heart provoked by distension. The 
myocardium of the toad tolerates marked distension well, and even at 
extreme values of diastolic pressure is still capable of developing addi- 
tional systolic pressure. In this aspect the Bufo myocardium differs 
from that of the frog and it is interesting to compare the volume-pressure 
diagram of the two species. 

The relaxation that occurs after elongation and the increase of tone 
after shortening seem to agree with results found by Lundin (1944) in 
isolated cardiac fibers and are related to the viscoelastic properties 
of muscles. 

When a certain degree of distension had been reached, the systolic 
pressure was a function of both diastolic volume and diastolic tension; 
hence diastolic tension must be taken into consideration when large ven- 
tricular volumes are considered. This observation coincides with those 
of Katz (°). 


SUMMARY AND CONCLUSIONS 


The effect of distension upon ventricular pressure and the staircase 
phenomenon has been studied in the myocardium of Bufo arenarum H. 
The initial increase in resting tension that accompanies ventricular 
distension is followed by an exponential decrease to the proximity of the 
pre-distension value. The pressure developed by systoles differs at the 
various degrees of distension and, at each diastolic volume, varies along 
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the relaxation curve. Ventricles are still capable of contraction against . 
extreme ranges of distension. 

The staircase is reduced when distension goes beyond certain limits. 
The isometric volume-pressure curves, at variance with classical observa- 
tions, show that systolic and diastolic pressures ascend in a paralell form 
and never crossed. 


The author is indebted to Dr. J. P. Segundo for the translation of the manuscript. 
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ELECTROGRAM CHANGES INDUCED BY THE LACK OF 
METABOLITES ON THE ISOLATED GUINEA PIG HEART 


MARIO PENNA, ALEJANDRO ILLANES, JAIME RIVERA 
AND JORGE MARDONES 


(Instituto de Farmacologia Experimental, Escuela de Medicina, Universidad de Chile) 


] NDOUBTEDLY cardiac muscle is able to use energy derived from glucose. 
The evidence supporting this statement comes from studies perfor- 
med on myocardial homogenates ('), heart muscle slices (*) and isolated 
hearts. Several techniques have been used for this last purpose, namely, 
Starlings heart-lung preparation (*,‘) heart-oxigenator preparation (°) 
and Straub’s or Langendorff’s isolated heart preparation (°,7,*,°,?°). In 
these experiments, the gradual decrease of the glucose concentrations of 
the perfusion fluid or medium of incubation have been measured. The 
analysis of the blood obtained by direct catheterization of the coronary 
sinus in dogs and humans has permitted to confirm the consumption of 
glucose by the heart in situ 

The effect of glucose on the contractile force of the heart has been 
studied in several species ("°, *°,*!). Garb et al (**,75) have re- 
ported that while the isolated rat or guinea pig hearts made hypodynamic 
by perfusion with Ringer Locke solution recovered partially by the addi- 
tion of glucose, the hypodynamic cat heart did not recover by the addition 
of this metabolite. 

As far as we are aware, the influence of glucose and the effect of 
the lack of this metabolite on the electrogram of the isolated mammalian 
heart has not been studied. The study of electrical changes could give 
information about the influence of metabolites on the frecuency of the 
sinus node, the auriculoventricular and intraventricular conductions and 
on the automaticity. The aim of this study was to compare the evolution 
of the E.C.G. of the isolated guinea pig during perfusion with Tyrode 
solution without metabolites and with glucose. 


METHOD 


The experiments were performed on isolated guinea pig hearts per- 
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fused according to Langendorff’s technique. A special device ensured 
that when the perfusing solutions were changed, temperature, pressure 
and oxygenation remained constant (", **). 

Adult guinea pigs of both sexes weighing from 350 to 800 grams 
were used. Under urethane anesthesia (1 ml of a 10 % solution intrape- 
ritoneally per 100g body weight) and artificial respiration, the chest 
was opened and the heart taken out as previously described (*, ”). 

Hearts were perfused with oxygenated Tyrode solution with or 
without glucose (1 g/l). The electrolyte composition of this solution was 
the following: ClNa 8.0; Cl.Ca 0.20; CIK 0.20; ClMg 0.01; CO,;HNa 1.0; 
PO,H,Na 0.05 g/l. 

The electrogram was registered with a Grass electroencephalograph 
Modell III D. Three silver electrodes were employed. Two of them, 
hookshaped, were fixed to the right and left auricular appendix, the 
third one was kept in permanent contact with the apex of the heart. 

The three following bipolar leads were taken simultaneously: I) right 
auricle - left auricle; Il) right auricle - apex, and III) left auricle - apex. 
Lead I was used to study the auricular frequency and the voltage of the 
auricular complex. Leads II and III allowed to meassure the PR interval 
and to observe the presence of A-V dissociation and the characteristics 
of the ventricular complex. 


RESULTS 


1. Auricular rate. —In 12 hearts perfused with Tyrode solution 
without glucose the initial auricular rate was 205 + 6.5 per minute and 
decreased an average of 25 + 5.6 at 60 minutes. In the 6 hearts per- 
fused with glucose the initial auricular rate was 224 + 10.3 per minute 
and decreased similary an average of 30 + 6.4 at 60 minutes. 


ISOLATED GUINEA PIG HEART 


Tyrode Sol. without Glucose Ty. + Glucose 42" Ty, without Glucose 53 Ty. + Glucose 


~ 


Fic. 1.— Vertical lines every 0.2 seconds. 
R.A/LA: Lead right auricle/left auricle. 
R.A/Ap: Lead right aur'cle/apex. 
L.A/Ap: Lead left auricle/apex. 
The figures represent the time when records were taken, expressed in minutes 
after starting the experiments, 
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2. Ventricular fibrillation. — Eight out of ten hearts perfused with 
Tyrode solution without glucose for more than 11 minutes, underwent 
ventricular fibrillation within 65 minutes. In two of them ventricular 
fibrillation was not registered during observation time (80 and 137 
minutes). 

The median of the time elapsed till the appearance of ventricular 
fibrillation was 55 minutes. Ventricular premature contractions preceeded 
in three cases ventricular fibrillation. One of the hearts that did not 


ISOLATED GUINEA PIG HEART $ 


' 


50° 108" 
Perfusion with Tyrode Solution + Glucose 0% 


Fic. 2.— The abreviations and time are the same of Fig. 1. 


show ventricular fibrillation when observed for only 30 minutes exhibi- 
ted isolated ventricular premature contractions that dissappeared later on. 
In all the cases, when the ventricles were fibrillating the electrical acti- 
vity of the auricles remained within normal limits (fig. 1 Lead I at 
16 and 61 minutes). 

In five of these hearts, after ventricular fibrillation was maintained 
from 4 to 20 minutes, the perfusion fluid was changed to Tyrode solution 
with glucose. In all of them ventricular fibrillation disappeared; in three, 
a normal rhythm was recovered and in two an idioventricular rhythm 
was installed. Figure 1 shows the electrograms of one of the hearts in 
which the lack of glucose induced ventricular fibrillation in two oppor- 
tunities and in both instances the normal rhythm was reinstalled by per- 
fusing Tyrode solution with glucose. 

None of the six hearts perfused from the beginning with Tyrode 
solution with glucose presented ventricular premature contractions nor 
ventricular fibrillation, during observation periods lasting up to 180 mi- 
nutes. One example observed during 105 minutes appears in fig. 2. 

3. A-V Conduction. — Table I summarizes the influence of the per- 
fusion with Tyrode solution with or without glucose on the A-V Conduc- 
tion. The perfusion with Tyrode solution without glucose disturbed the 
A-V conduction gradually, starting from a mere increase of the PR in- 
terval and reaching a complete A-V dissociation. This dissociation was 
observed in nine out of ten hearts; in the two others early ventricular 
fibrillation (from 10 to 20 minutes) was observed. In six of these nine 
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TABLE I 


Effects of the Perfusion with Tyrode Solution with and without Glucose on the A-V 
Conduction of the Isolated Guinea Pig Heart 


Tyrode without Glucose Tyrode with Glucose 
Time of | No of N° of 
perfusion cases cases 
minutes| with} PR (*) APR (**) | with| (*) APR (**) 
disso-| Seconds seconds disso- seconds seconds 
ciation ciation 
0 0/12 | 0.07 + 0.01 0.00 + 0.009 0/6 0.07 = 0.00 
21-30 4/12} 0.10 + 0.02 + 0.02 + 0.013 0/6 0.08 + 0.03 0.00 = 0.000 
51-60 9/10 0/6 0.08 + 0.04 0.00 + 0.002 
61-70 0/6 0.10 + 0.01 | + 0.01 + 0.004 
121-150 0.09 = 0.01 + 0.02 + 0.005 


(*) Arithmetic mean and standard error, in the cases with PR measurable. 
(**) Difference from initial, arithmetic mean and its standard error. 


cases the dissociation preceded fibrillation by lapses ranging from 10 to 
50 minutes; in two cases A-V dissociation was accompanied with regular 
ventricular rhythm and in the other the ventricular rhythm was irregular. — 

In the six hearts perfused with Tyrode solution with glucose the only 
change observed in the A-V conduction was a significant increase of the 
A-V interval that did not exceed 0.02 seconds and that appeared only after 
prolonged perfusion. No A-V dissociation was observed in any of these 
hearts. 

4. QRS interval. — Obviously, the QRS was measured only in the 
normal ventricular complexes. The figures show that either in presence 
or in absence of glucose only a slight increase of this interval was obser- 
ved, but this change was not statistically significant. 


5. Voltage of the auricular complex.— The interauricular lead re- 
gistered an auricular complex in which its QRS and ST components are 
clearly distinguished. The voltage of the R wave of the auricular QRS 
was measured; the results are summarized in table IJ. In the hearts 
perfused with Tyrode solution without glucose, the voltage decreased 
sharply during the first 30 minutes and later on it decreased slowly or 
remained constant. In the six hearts perfused with Tyrode solution 
with glucose, observed from 70 to 150 minutes, no decrease of the vol- 
tage of the R auricular wave was observed. 


6. Voltage of the ventricular complex.—In order to avoid the in- 
fluence of the contact changes of the electrode placed at the apex, it 
was necessary to check its correct position before every record. We stu- 
died only the voltage of the R wave because the amplitude of the spon- 
taneous variations in shape and position of the ST segments and the T 
waves made their analysis impossible. 

The results appear summarized in table III. It can be seen that in 
the hearts perfused with Tyrode solution without glucose, the voltage 
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TABLE II 


Influence of the Perfusion with Tyrode Solution with and without Glucose on the 
Voltage of the Auricular R Wave of the Isolated Guinea Pig Heart 


Time of Tyrode without Glucose Tyrode with Glucose 
eo 
fusion 
| off AR (**) | N® off  R(*) AR (**) 
ac... mV mV cases mV mV 
0 12 | 3.66 + 0.70 6 3.50 + 0.67 
21-30 7 230 + 0.70 — 1.71 = 0.87 6 4.00 + 0.56 + 0.46 + 0.40 
51-60 7 1.40 + 0.15 — 1.51 + 0.48 6 3.85 + 0.67 + 0.33 + 0.50 
61-70 2 1.70 + 0.30 — 1.01 + 0.10 6 3.00 + 0.60 + 0.46 + 0.40 
121-150 3 3.10 + 0.14 — 0.20 + 1.09 


(*) Arithmetic mean and its Standard Error. 
(**) Difference from initial, arithmetic mean and its Standard Error. 


of R wave decreased sharply during the first 30 minutes of perfusion 
and later on it remained constant. On the hearts perfused with Tyrode 
solution with glucose the voltage of the R wave remained around the 
original values up to about 70 minutes and then it decreased so slowly 
that only after 120 minutes the decrease became statistically significant. 


DISCUSSION 


The perfusion of an isolated guinea pig heart with a fluid without 
glucose induced significant enlargement of the PR time, A-V dissociation, 
ventricular premature contractions and ventricular fibrillation. The pre- 
sence of glucose in the perfusion fluid not only prevents these disorders, 
but it reverses the ventricular fibrillation induced by the lack of this 
metabolite. In the absence of glucose the voltage of the auricular and 


TABLE III 


Influence of the Perfusion with Tyrode Solution with and without Glucose on the 
Voltage of the Ventricular R Wave of the Isolated Guinea Pig Heart 


. Tyrode without Glucose Tyrode with Glucose 
perfusion 
- N® of R (* AR (**) N? of R(*) AR (**) 
minutes | cases mV mV cases mV mV 
0 12 | 3.60 + 0.71 6 3.20 + 0.67 
21-30 8 | 1.50 + 0.21 — 1.95 + 0.85 6 3.10 + 1.05 — 0.13 + 0.65 
31-60 3 | 2.30 + 0.88 — 1.30 + 0.58 6 3.40 + 1.25 + 0.16 + 1.45 
61-70 6 2.20 + 0.77 — 1.30 + 0.97 
121-150 2 0.75 + 0.05 —880+097 
151-180 2 0.75 = 0.05 — 8.80 + 0.97 


(*) Arithmetic mean and its Standard Error. 
(**) Difference from initial, arithmetic mean and its Standard Error. 
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ventricular complexes decreased sharply in the first 30 minutes, while 
in the presence of glucose this decrease appeared in a lapse 4 times longer. 

These findings could be explained assuming that the perfusion 
without glucose either only allows the exhaustion of metabolite reserve 
or it also washes out some substances playing a role in these functions 
at a higher rate than perfusing solutions containing glucose. 

The presence of glucose in the perfusion fluid does not seem to play 
an important role on the activity of the pacemaker, since the auricular 
frequency decreased similary in the hearts perfused with and without 
glucose during the observation time. These results are in agreement with 
those reported by Garb, Penna and Scriabinne (*) in isolated guinea 
pig and rat hearts. These authors have shown that the perfusion with 
Ringer Locke solution without metabolite induced a significant decrease 
of the frequency. which was not altered by shifting the perfusion to 
Ringer Locke solution with glucose, even though the contractile force 
was then partially recovered. Nevertheless this assumption remains un- 
certain, because the observation time could not be long enough, and the 
washing out of some substances by the perfusion could interfere the 
results. In fact, Webb (*°) observing the isolated rabbit auricle during 
long periods, reported that no significant differences were observed in 
the frequency of auricles suspended in Tyrode solution with glucose 
during five to seven hours, but a slight decrease was observed in auricles 
suspended in Tyrode solution without glucose in the same period. On the 
other hand, it seems that concerning this point some differences may 
exist between species since Garb et al (7*) did not observe a decrease in 
the rate of rabbit hearts perfused with metabolite-free solution for about 
one hour. 

If we intend to establish a time sequence of the decrease of contrac- 
tile force and the E.C.G. changes, using the results reported in this paper 
and those referred by Garb et al (22) on guinea pig heart perfused with 
metabolite free fluid, it can be seen that the maximun decrease of con- 
tractile force preceeds the ventricular fibrillation (average: 32 minutes 
versus 55 minutes) and it seems to’ be simultaneous with the decrease of 
the auricular and ventricular voltage. 


SUMMARY 


1. The E.C.G. changes of the isolated guinea pig heart using Lan- 
gendorff’s technique were studied by perfusing Tyrode solution without 
and with glucose. 

2. During the perfusion without glucose the following E.C.G. chan- 
ges were registered: enlargement of the PR interval, A-V dissociation, 
ventricular fibrillation and decrease of the voltage of the auricular and 
ventricular complexes. Ventricular fibrillation induced by the lack of 
glucose is reversed to normal or idioventricular rhythm by perfusing 
Tyrode with glucose. 

3. The auricular rate decreased slowly in the hearts perfused with 
Tyrode solution with and without glucose. This decrease is of the same 
order in both conditions. 

4. When the perfusion is started with glucose neither significant 
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enlargement of the PR interval, nor A-V dissociation, nor ventricular 
fibrillation, were observed and the voltage decrease of the auricular and 
ventricular complexes were significantly delayed. 
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ACTION OF BZ 55 (CARBUTAMIDE) ON GLUCO-E 
TOLERANCE, LIVER AND MUSCLE GLYCOGEN OF 
ADRENALECTOMIZED DOGS 


MarRiA F. GORDON 


(Institute of Physiology, Faculty of Medicine, Buenos Aires) 


TT adrenalectomized animal is more sensitive to the hypoglycemic 
action of the sulfonylureas than the intact or hypophysectomized 
animal, as has been observed in rats, dogs, cats and amphibians (La Barre 
and col., 1947; Dulin and col., 1956; Cox and col., 1956; Houssay and 
col., 1956; Gordon and col., 1957). Adrenalectomy causes evident distur- 
bances in the carbohydrate metabolism of the dog: 1°) fasting hypogly- 
cemia; 2°) decrease of glucose tolerance; 3°) decrease of liver glycogen: 
4°) incapacity of increasing muscle glycogen one hour after glucose in- 
jection (Foglia and col., 1933). These disturbances are reversible by the 
treatment with adrenocortical extract or glucocorticoids (Foglia and 
col., 1933; Long and col., 1940; Long, 1953) or by a simultaneous injec- 
tion of insulin and glucose (Foglia and col., 1933). 

Experiments were undertaken to establish whether the simultaneous 
injection of BZ 55 and glucose modifies the velocity of disappearance of 
glucose from the blood stream and the formation of glycogen in muscle 
and liver of adrenalectomized dogs. 


MATERIAL AND METHODS 


Adrenalectomized dogs, of both sexes, weighing 7-13 kg were used 
3 to 7 days after the operation. They were maintained with daily subcu- 
taneous injections of 10 mg of desoxycorticosterone acetate and fed with 
boiled, salted meat, ad libitum. The last feeding took place 14 hours prior 
to the experiment, but some of the animals (those with very low liver 
glycogen content) did not eat. 

Plan of the experiments. — The animals were anesthetized with chlo- 
ralose 8%. The saphenous vein was canulated in order to inject drugs 
by this route, and the common carotid artery exposed for the extraction 
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of blood samples. The uretra was ligated in order to collect the accumu- 
lated urine from the bladder at the end of the experiment. Depth of 
anesthesia was controlled, so as to secure normal breathing and avoid 
spontaneous muscular contractions. In a second series of experiments 
the trachea was also canulated and artificial respiration was given 
(20 respirations/minute). This measure did not modify the results ob- 
tained in the first group of experiments. 

Blood for gi,;cemia was drawn prior to the injection of drugs and 
5, 30, 60 and 90 minutes afterwards. 

Biopsies of liver and gastrocnemius muscle were obtained before 
the injection and 90 minutes after it. 

The animals were divided into two groups. Ten dogs were injected 
with BZ 55 (100 or 200 mg/kg body weight) followed by a 30 % glucose 
solution at the rate of 3g of glucose’/kg body weight. BZ 55 was 
dissolved in a 2‘ NaHCO, solution, in the proportion of 10-20 mg of 
BZ 55 ce. 

Controls (°) were injected with NaHCO, 2 ‘., followed by the 30 % 
glucose solution, 3g of glucose/kg. All the injections were administered 
rapidly, into the saphenous vein. 

Glycemia was measured by the method of Somogyi (1945) and Nelson 
(1944) after precipitation of proteins with copper sulfate and sodium 
tungstate. 

Liver and muscle glycogen were determined by the method of Good, 
Kramer and Somogyi (1933). The biopsy material (1-3 g of tissue) was 
obtained rapidly and immediately submerged in 8cc of 30 % hot KOH 
solution, contained in a graduated centrifuge tube, which had been weighed 
previously. The weight of the tissue was determined by the difference 
in the weight of the tubes (precisién + 5 mg). The tubes were heated 
in a bath of boiling water and agitated repeatedly until complete dissolution 
of the tissue. Glycogen was precipitated with 1.2 vol. of 95 % alcohol. 
The mixture was heated, allowed to start boiling, immediately removed 
and left to cool at room temperature, then centrifuged during 20 minutes. 
The supernatant was discarded and the tubes drained. The walls of the 
tubes were washed with 8cc 95 % alcohol, centrifugation and draining 
repeated. The last rests of alcohol were eliminated by short heating in 
the water bath. 

The glycogen was hydrolyzed during two hours and a half with 
0.6 N HCl. Reducing substances were measured on conveniently diluted 
aliquots by the method of Somogyi and Nelson. 

All the glycogen determinations were done on duplicate samples, 
obtained simultaneously. 

The urine contained in the bladder was collected during the autopsy, 
and the amount of glucose eliminated was measured by Benedict’s quanti- 
tative method. 

The absence of adrenal tissue was verified at autopsy. 


RESULTS 


1) Glucose tolerance. Table I shows the glycemias obtained at dif- 
ferent times after the injection of glucose (3g/kg) in three groups of 


BZ 55 ON GLYCOGEN FORMATION 119 


TABLE | 


Action of BZ55 on the glucose tolerance test of adrenalectomized dogs 


Blood Sugar mg % 
BZ 55 mg/Kg minutes 
body weight l 
0 5 30 60 90 
200 in _ 320 233 | 167 
200 71 835 465 79 | 38 
200 105 680 428 230 | 210 
200 70 548 232 140 90 
200 94 | 594 284 | 182 | 155 
200 119 760 | 521 396 | = 
200 76 | 685 | 478 286 | 208 
| | 
™ | 91 | | 390441 | 221+ 45 | 154+ 25 
| 
| | | 
670 | 520 515 
- 68 _ 1240 | 715 316 
70 820 460 310 206 
— 85 1110 715 585 417 
_ 63 710 536 354 222 
TM 71 880 + 130 724 + 136 497 + 81 335 + 58 
100 55 788 496 323 225 
100 84 900 177 515 362 


Glucose = 3 g/kg i.v. 
+ = standard error. 


animals: a) dogs injected with 200 mg/kg BZ 55; b) dogs injected with 
100 mg/kg BZ 55; c) controls injected with solvent (2 % NaHCOs). 
Comparing the blood sugar of animals treated with 200 mg/kg of BZ 55 
with that of the controls, it was observed that the injected glucose disap- 
peared more rapidly from the blood of the first group. The glycemia of 
the dogs previously injected with 200 mg/kg of BZ 55 was significantly 
lower (p < 0.05) than that of the controls, 30, 60 and 90 minutes after 
the injection of glucose. Ninety minutes after injection, the blood sugar 
of the treated animals was less than 50 % of that of the controls. 

Injecting 100mg/kg of BZ 55 followed by glucose, the effects were 
less marked. 

Fig. 1 represents graphically the average of blood sugars obtained 
at different times after glucose injection in 7 animals previously treated 
with 200 mg/kg of BZ 55 as compared to 5 controls. The abscissae repre- 
sent the minutes passed since glucose injection, the ordinate glucose in 


120 GORDON 


mg/100 cc on a logarithmic scale. The difference in the slope of the two 
straight lines is evident. 

Glycosuria. The amount of glucose eliminated by urine varied bet- 
ween traces and 27 “ of the injected quantity. The average value was 
11‘ + 2 of the injected glucose. No significant differences were observed 
between the glycosuria of BZ 55 treated animals and that of controls. 


II) Liver and muscle glycogen. Table II lists the values of liver and 
muscle glycogen obtained. All the animals were injected with 3 g/kg of 


900F 
700 F 
500 
x 
o 
< 
= 300+ 
> 
3 
GLUCOSE 
— 39/K9 GLUCOSE + 200mg/kg CARBUTAMIDE 
100 1 1 
5 30 60 90 


TIME in MINUTES 


glucose. Seven received in addition 200 mg, kg of BZ 55, three received 
100 mg/kg of BZ 55 and five received the solvent (sol. NaHCO, 2 %). 
Liver and muscle glycogen were determined at the beginning of the 
experiment and 90 minutes after glucose administration. The glycogen 
values are tabulated and expressed in g/100 g of tisue. The differences 
between the initial and final glycogen content of liver and muscle respec- 
tively are also listed, expressed in g of glycogen/100g tissue. All the 
glycogen values are averages of two simultaneuosly obtained, independent 
determinations. 

Previous analysis of the data demonstrated that the artificial respira- 
tion applied in half of the experiments did not modify the results obtained 
and it will not be accounted for in the following. 

Initial liver glycogen was very low, as compared to normal dogs, 
less than 1 g % in 11 of 15 animals. Initial muscle glycogen was within 
normal limits. The administration of glucose, alone or with BZ 55 (100- 
200 mg/kg) did not induce statistically significant changes in the liver 
or muscle glycogen content one hour and a half after glucose injection. 

In 80 % of treated animals and also in 80 % of the controls muscle 
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TABLE II 
Action of BZ 55 and glucose on the liver and musele glycogen of adrenalectomized dogs 
Difference Muscle glycogen pifference 
weight 100 liver 100 muscle 
Oh th 30m | Oh th 30m 
| | | | | 

200 | 0.08 0.16 | + 0.08 0.85 0.51 0.34 
200 0.32 O57 | + 0.25 
200 2.37 3.49 + 1.12 | 0.82 0.74 — 0.08 
200 1.30 0.68 — 0.62 0.68 111 | + 0.438 
200 2.73 2.10 — 0.63 0.97 0.89 — 0.06 
200 0.14 0.18 + 0.04 0.47 0.35 — 0.12 
200 0.77 1.07 | + 0.30 0.74 0.66 — 0.08 
100 0.64 1.00 | + 0.37 0.76 0.67 — 0.09 
100 0.10 0.22 + 0.12 (0.31 0.21 — 0.09 
100 0.75 0.83 + 0.08 1.46 | 1.48 + 0.02 
TM 0.08 + 0.1 0.05 + 0.08 
_ 0.13 0.04 — 0.09 0.70 | 0.63 | — 0.07 
-_ 0.64 0.20 ~ 0.44 1.22 | 0.56 — 0.66 

_ 0.07 0.12 + 0.05 | 0.30 | 0.49 | + 0.19 

vi 0.44 0.57 + 0.18 | 084 | os2 | — 0.02 
_ 1.16 0.26 — 0.90 | 1.08 0.85 — 0.18 


T™ 0.25 + 0.20 0.15 = 0.17 


Glucose = 3 g/kg i.v. 
+ = standard error. 


glycogen decreased slightly, 90 minutes after glucose injection. Liver 
glycogen increased in 8 of 10 animals treated with carbutamide and 
glucose and in 2 out of five glucose injected controls. This difference is 
not statistically significant, applying the 7° test (p < 0.2). 


DISCUSSION 


Intravenous administration of 200 mg kg of carbutamide accelerated 
the disappearance of glucose from the blood stream of adrenalectomized 
dogs which underwent a glucose tolerance test. In normal and diabetic 
humans (Fajans, 1956; Kirtley and col., 1956) and in intact animals the 
administration of BZ 55 did not modify the glucose tolerance. This 
discrepancy demonstrates again the great sensitivity of the adrenalecto- 
mized animal to hypoglycemic sulfonamides. 

No changes were observed with regard to liver and muscle glycogen 
one hour and a half after simultaneous glucose and carbutamide injection. 
This time interval was selected because it is sufficient for the appearance 
of intense hypoglycemic symptoms in adrenalectomized dogs, which receive 
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BZ 55 but not glucose (Houssay and col., 1956). The simultaneous 
injection of glucose and insulin (2 U/kg) induces the increase of muscle 
glycogen in the adrenalectomized dog after one hour (Foglia and col., 
1933). The lack of an analogous effect of BZ 55 in our experiments 
could indicate that the action of this drug is different from that of 
insulin in the adrenalectomized dog. The fact that the adrenalectomized 
animal is much more sensitive to the hypoglycemic action of sulfonylureas 
than the hypophysectomized one while the latter is more sensitive to 
insulin, supports the hypothesis of the aforementioned difference. If 
BZ 55 acts solely stimulating the pancreatic secretion of insulin (Louba- 
tiéres, 1955) then it is necessary to suppose that the increment of insulin 
secretion induced by the carbutamide was not sufficient to increase 
the muscle glycogen though it augmented significantly the glucose tole- 
rance. The action of insulin and BZ 55 on muscle glycogen should be 
compared, using dosis of insulin which modify the glucose tolerance test 
in the same degree as the carbutamide. 

The majority of authors (Loubatiéres, 1955; Riller and col., 1956; 
Tyberghein and col., 1956) observed that liver glycogen did not change 
in intact animals treated with hypoglycemic sulfonylureas even when 
large amounts of glucose were administered. Beringer and col. (1956) 
observed an increase in liver glycogen in BZ 55 treated rabbits. As the 
liver of the adrenalectomized dog is very poor in glycogen, an increment 
would have been easily noticeable. However, adrenalectomized rats when 
treated with glucocorticoids take various hours till the glycogen increase 
reaches its peak (Long, 1953). It will be necessary to study the liver 
glycogen content of adrenalectomized dogs after prolonged perfusion with 
glucose and carbutamide in order to reach definitive conclusions. 


SUMMARY 


1) The action of a simultaneous injection of BZ 55 (100 or 200 
mg/kg) and glucose (3 g/kg) was studied in adrenalectomized dogs. 

2) Glucose tolerance was significantly modified by BZ 55. Ninety 
minutes after glucose injection, the blood sugar of animals treated with 
200 mg kg of BZ 55 was less than 50% of the blood sugar of the 
adrenalectomized controls. 

3) No significant differences were observed, with respect to muscle 
and liver glycogen content, between carbutamide treated animals and 
controls, 90 minutes after glucose injection. 
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GLUCOSURIA CONDICIONADA 


SOBRE EL CONTROL NERVIOSO DE LA REABSORCION 
TUBULAR DE LA GLUCOSA 


P. RUDOMIN Z. 


(Del Departamento de Neurofis ologia de la Escuela Nacional de Ciencias Bioldgicas, 
P. N.]. México, Direccién actual: Departamento de Fisiologia, Instituto 
Nacional de Cardiologia, México) 


| ASTA la fecha no se dispone de suficientes datos experimentales que 

permitan decidir si el sistema nervioso influye en la regulacién de 
la funcién tubular. Muchos autores opinan que este sistema no interviene 
en la funcién tubular, y que las alteraciones obtenidas en la excrecién 
de electrélitos se deben a modificaciones en la filtracion glomerular. 

Asi, Maluf (*'), por no haber obtenido diferencias en la reabsorcion 
tubular de electrélitos del rifén normal y del denervado, concluye que 
esta funcion no se ve modificada por el sistema nervioso. 

Page y Baxter (*"), al seccionar los nervios esplacnicos en perros 
anestesiados, encuentran un aumento en la concentracién del sodio excre- 
tado por el rifén denervado. Ellos atribuyeron la mayor cantidad de 
sodio excretada a un aumento de la filtracién glomerular producido por 
la denervacion. 

Blake (*), sefala que la disminucion que produce la adrenalina en 
la excrecién de sodio, se debe a una reduccion del flujo plasmatico renal 
de la filtraci6n glomerular. 

Surtshin, Miiller y White (*’), no encuentran diferencias en la 
excrecion de electrélitos entre rifiones normales y denervados. Cuando 
inducen anestesia o aplican estimulos dolorosos hay una caida en la 
excreci6n de electrélitos en el lado normal, pero no en el denervado. 
Ellos atribuyeron estos cambios a modificaciones en la filtraci6n glome- 
rular vy no a cambios en la funcion tubular. 

Block, Wakin y Mann (*), estudian la funciOn renal durante la 
estimulacién de los nervios renales, y concluyen que la disminuci6n en la 
excrecion de electrélitos se debe a que la estimulacién de estos nervios 
produce una intensa vasoconstriccién que tiene como consecuencia la 
disminucion de la filtracion glomerular. 

Por el contrario, otros autores como Kriss, Futcher y Goldman (18), 
Sartorius y Burlington (27), Fischer, Szécsény y Viranyi ("'), Kaplan 
y Rapoport ('7), concluyen que el sistema nervioso si influye en la 
funcion tubular ya que los aumentos producidos por la denervacion en la 
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excrecion de electrélitos no pueden ser explicados por cambios en el flujo 
plasmatico renal o en la filtracién glomerular. 

Teniendo en cuenta la contradiccién que existe entre los datos que 
tiene la bibliografia analizada, se decidié investigar experimentalmente 
la intervencién del sistema nervioso en la regulacién de la funcién tubular. 

Recientemente, Alvarez-Buylla y Russek (*), y Alvarez Buylla y 
Carrasco-Zanini (*), utilizando el método de los reflejos condicionales, 
lograron demostrar la intervencién del sistema nervioso en la integracién 
de algunas reacciones vegetativas. 

Para el presente trabajo, se decidid también emplear este método 
para estudiar la intervencién del sistema nervioso en la regulacién de la 
funcion de los tibulos renales. Por lo tanto, se intenté establecer un 
reflejo condicional que modificara la funcién tubular, ya que el estableci- 
miento de este reflejo condicional permitiria asegurar la intervencién del 
sistema nervioso en la regulacién de las funciones tubulares del rifoén. 

La funcion tubular seleccionada fué la de la reabsorcién de la 
glucosa, que normalmente se efectia en la porcidn tubular proximal 
(°°, **) y que es casi total, es decir, que en condiciones normales la 
velocidad de reabsorcién tubular de la glucosa es mayor que la velocidad 
con que pasa la glucosa en el ultrafiltrado glomerular (*°). 

La finalidad de este trabajo ha sido pues, la de tratar de formar un 
reflejo condicional que afecte la funci6n de reabsorcién tubular de la 
glucosa. 

En la literatura consultada, se tenia el precedente unico de que 
Savchenco en 1940 (**) logré condicionar la glucosuria adrenalinica. 
En otros perros, el mismo Savchenko, y Gantt (*°) fracasaron en el 
intento de condicionar la accién hiperglucemiante de la adrenalina. Por 
lo tanto, si la glucosuria condicionada no se debia a un aumento de 
concentracién de azicar en sangre, podria ser una consecuencia de la 
disminucién de la reabsorcién de la glucosa en los tuibulos renales. 

Se hacia necesario un estudio detallado del desarrollo temporal de la 
glucosuria condicionada con el control simultaneo de las posibles varia- 
ciones de la glucemia y diuresis, y una vez confirmada la existencia de la 
glucosuria condicionada sin variaciones del azicar sanguineo, hacer nuevas 
variantes de experimentos para estudiar la influencia del sistema nervioso 
en la reabsorcién de la glucosa. 


METODO 


Para el desarrollo de este trabajo se efectuaron 150 experimentos 
en 5 perras que oscilaban entre los 9 y 18 kgs de peso. 

Toda la metodologia desarrollada corresponde basicamente a la 
utilizada por la escuela de Pavlov para el estudo de los reflejos condi- 
cionales (24, 2°, 2°). 


Registros empleados: 


1. — Electrocardiograma. 

Este registro se introdujo con el objeto de tener un control de los 
efectos producidos por el estimulo condicional (adrenalina) sobre el sis- 
tema circulatorio, teniendo asi un dato que nos permitiese determinar el 
momento en que la adrenalina iniciaba su accion. 
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E] electrocardiograma se registro con un aparato especialmente cons- 
truido en nuestro laboratorio, que realizaba la inscripcion directa sobre 
el papel ahumado; como electrodos se utilizaron alfileres de seguridad, 
insertados a través de la piel. Se usaron la primera y segunda derivacion. 
2.— Control de la glucosa sanguinea. 

La determinacién de la glucosa en sangre se hizo por el método 
cuantitativo de Folin-Wu (7°, 

Para obtener la muestra de sangre, se recurri6 en los primeros expe- 
rimentos a la puncién de la vena safena externa. En experimentos pos- 
teriores, se utilizaron catéteres de polietileno introducidos permanente- 
mente en la vena (*), y por medio de los cuales se sangraba o se inyectaba 
al animal segtin las necesidades experimentales. 

3.— Control de la glucosa en orina. 

La presencia de la glucosa en orina se determino por el método de 
Folin-Wu modificado para la orina. Las lecturas fotocolorimétricas se 
hicieron con el “Rouy Photometer”’ Leitz. 

Para tomar la muestra de orina, en un principio se siguid la técnica 
de sondeo directo a través de la uretra. Posteriormente se realiz6 una 
intervencion quirurgica cuya finalidad consistia en tener un control por 
separado de la funcién de cada uno de los rinones, facilitando ademas la 
toma de la muestra de orina. Para ello se siguié la técnica de Orbelli, que 
consiste en la preparaciOn de dos fistulas ureterales cronicas en la pared 
abdominal] del animal. A estas fistulas se adaptaron unos embudos colec- 
tores de hule sujetos al animal por un cinturo6n. 


Estimulos utilizados: 


1. — Estimulo incondicional. 

En este caso el estimulo incondicional consistid en la inyeccion de 
adrenalina (Clorhidrato de Adrenalina 1:1000 de los laboratorios “Hor- 
mona”, México), intraperitoneal en los primeros experimentos e intra- 
venosa en experimentos posteriores. Para efectuar la inyecci6n se tenia 
un dispositivo especial que permitia inyectar desde fuera de la camara 
sin que operaran estimulos adicionales sobre el animal (', *). En el caso 
de la inyeccion intravenosa, este dispositivo se ajustaba al tubo de polie- 
tileno que llevaba el animal en la vena safena. 
2.—Estimulo condicional. 

Como estimulo condicional se utilizo el sonido amortiguado de un 
timbre, el cual se iniciaba simultaneamente con la aplicacién del estimulo 
incondicional, manteniéndose durante cuatro minutos en los primeros 
experimentos y durante veinte en experimentos posteriores. 


Esquema de los experimentos: 


E] esquema experimental seguido const6 de las siguientes etapas: 
1.— Selecci6én y preparacion preliminar del animal. 

La seleccién del animal se realizaba cuidadosamente sobre todo 
teniendo en cuenta la edad, estado general y temperamento, factores que 
son decisivos para el establecimiento de un reflejo condicional (**, **, 7°). 

Una vez escogido el animal, se procedia a introducirle en la vena 
safena de una de las patas, bajo anestesia local y en condiciones asépticas, 
un catéter de polietileno de 1 mm de diametro interno y una longitud de 
30 cm. Para evitar la formacién de coagulos que obstruyesen la luz, se 
le mantenia lleno de una solucion salina estéril débilmente heparinizada * 


* La heparina fué gentilmente donada por la casa Hoffmann-La Roche, Suiza. 
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Con esta precauci6én la permeabilidad del tubo se mantenia por bastante 
tiempo (hasta cuarenta dias en el caso de la perra ““Vampiresa”). Cuando 
este sistema no era utilizado, se cbturaba el extremo libre del tubo con 
un pequeno tapon metalico, protegiendo ademas todo el tubo con una venda 
y un pantalon de tela resistente. 

También durante esta etapa se realiz6 la implantacion de las fistulas 
ureterales en la pared abdominal del animal. 

Una vez repuesta de los traumas operatorios, se ‘“acostumbraba” a 
la perra a la camara, es decir, se trataba de hacer que el estereotipo por 
ella constituido le fuera completamente indiferente al animal. Como indi- 
cador objetivo de ello tomébamos el momento en que aparecia una 
arritmia respiratoria en el electrocardiograma (*). 


2.— Aplicacion de los estimulos. 

Al meter al perro en la camara de reflejos condicionales, y antes de 
aplicarle los estimulos, se determinaban las basales de concentracion de 
glucosa en sangre y orina, asi como una basal de frecuencia cardiaca y 
respiratoria. 

Los “refuerzos” (estimulo condicional conjuntamente con el estimulo 
incondicional), se efectuaron diariamente, por periodos variables segun 
los distintos perros (ver tabla I) pero procurando hacerlos siempre a la 
misma hora (18 horas después del ultimo alimento), para asegurar asi 
una mayor constancia en las basales. La perra permanecia en la cémara 
durante una hora. 

Después de una serie de refuerzos, se hacia una prueba de “control”, 
es decir, se hacia un experimento en que se daba el estimulo condicional 
sdlo, permaneciendo el resto del estereotipo constante, incluso todas las 
manipulaciones de la inyeccién, pero en lugar de inyectar adrenalina, se 
inyectaba una solucién en blanco, es decir una solucién de suero fisiolégico 
sin adrenalina. 


3.— Método seguido en la denervacién del rinén. 

En condiciones asépticas, se llegaba al rifién por la via retroperitoneal. 
Después de expuesto el rifién se procedia a la denervacién, disecando 
todos los elementos vasculares del hilio renal, extirpando la adventicia 
de los vasos arteriales y venosos y seccionando los troncos nerviosos. El 
uréter era disecado en un tramo de dos cm, para eliminar asi todas las 
posibles vias nerviosas. La denervacién se completé6 con la decapsulaci6n 
total del rifion. 


RESULTADOS 


Parte 1. — Estudio del efecto de dosis variables de adrenalina para selec- 
cionar el estimulo incondicional. 


La finalidad de estos experimentos fué seleccionar una dosis de adre- 
nalina cuyos efectos fueran de intensidad y duraciOn adecuadas para el 
proyecto experimental que se trataba de desarrollar. 

Para valorar los efectos de la adrenalina, fué necesario conocer las 
cifras basales de frecuencia cardiaca, glucosa en sangre y glucosa en 
orina cuando las perras se encontraban en la cAmara de reflejos condi- 
cionales. 

Los resultados obtenidos nos indicaban que los valores medios de 
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frecuencia cardiaca oscilaban entre 83 y 132 pulsaciones por minuto; la 
concentracién de glucosa en sangre tenia valores que se encontraban entre 
los 73 vy 85 mgs ‘-. En ningtn caso se encontro glucosa en la orina después 
de haber estado e] animal en la camara. Para seleccionar la dosis que iba 
a ser utilizada como estimulo incondicional, se procedié a estudiar los 
efectos que producian las inyecciones intraperitoneales de 1, 5, 50, 100 
y 500 microgramos de adrenalina por kilogramo de peso (ver Fig. 1). 

De los multiples efectos producidos por la adrenalina, se seleccionaron 
para este estudio la taquicardia, la hiperglucemia y la glucosuria. 


A B Cc 
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Fic. 1.— Perra “Pituca”, camara de reflejos condicionales, Desarrollogs temporales de 
los efectos producidos por las inyecciones intraperitoneales de adtrenalina en perro 
despierto, A.-1 microgramo por kilogramo de peso, B.-5 microgramos. C.-50 
microgramos, D,-160 microgramos. E.-500 microgramos. Abc.sas, tiempo en 
minutos. Ordenadas, frecuencia cardiaca en pulsaciones por minuto (fc.), glucosa 
en sangre en mgs % (gli). Curva continua: frecuencia cardiaca, Curva discon- 
tinua: glicosa en sangre. 


Con las dosis de 1 y 5 microgramos de adrenalina por kilogramo de 
peso, los efectos sobre la frecuencia cardiaca fueron minimos. Estas 
dosis produjeron una hiperglucemia de 12 mgs % (fig.-1 A y B). 

Con la dosis de 50 microgramos por kilogramo de peso, el incre- 
mento producido en la frecuencia cardiaca fué de un 154% sobre los 
valores basales, aleanzandose este efecto maximo a los 20 minutos después 
de la inyeeccién. E] tiempo en que se recuper6 nuevamente la basal de 
frecuencia cardiaca fué de una hora. Por lo que respecta al efecto de 
esta dosis sobre la concentracion de glucosa en sangre, se tuvieron incre- 
mentos maximos de 35 mgs “% a los 20 minutos de aplicada la inyeccion. 
La basal de glucemia se recuperé nuevamente a los 35 minutos (fig. 1 C). 

La dosis de 100 microgramos por kilogramo de peso produjo un 
incremento sobre la frecuencia cardiaca de un 159% a los 30 minutos 
después de la inyeccién. Los valores basales para la frecuencia cardiaca 
se recuperaron a los 120 minutos después de la inyeccion. E] incremento 
producido en la glucemia fué de 35 mgs ‘ a los 15 minutos después de 
la inyeccion. La normoglucemia solo se recuper6 hasta 60 minutos des- 
pués (fig. 1 D). 

La dosis de 500 microgramos por kilogramo de peso produjo un 
incremento sobre la frecuencia cardiaca de un 160 % habiéndose esta- 


us 
fe 
Pree 
100] AY’ | 
70 
o 4 o 40 40 20 t 
200 
“a 
D 
‘ 
130] 180 
‘ 
é » 
100, 
70 4 


GLUCOSURIA CONDICIONADA 129 


blecido este efecto maximo a los 7 minutos de la inyeccién. Dos horas 
después, los valores de frecuencia cardiaca todavia se mantenian elevados. 
El inecremento maximo en glucemia obtenido con esta dosis fué de 
115 mgs ‘-. Los valores normoglucémicos no se recuperaron hasta seis 
horas después de la inyeccién de adrenalina (fig. 1 E). 

Del estudio de esta familia de curvas se llegs a la conclusién de 
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Fic. 2.— Perra “Vampiresa”, cdmara de reflejos condicionales, Desarrollo temporal 
del efecto producido por la inyeccién intravenosa de 100 microgramos de adrenalina 
por kilogramo de peso, Abcisas, tiempo en minutos. Ordenadas, frecuencia car- 
ciaca en pulsaciones por minuto (fe.), glucosa en sangre (gli.) y en orina (glu) 
en mgs %. Linea punteada, desarrollo temporal de las variaciones de la frecuencia 
cardiaca, Linea continua: glucosa en orina, y linea discoxnt nua: glucosa en sangre. 
EC. indica la localizacién temporal cel estimulo condicional cuando éste era 
aplicado. 


que la dosis de 100 microgramos por kilogramo de peso era la mas 
adecuada para ser utilizada como estimulo incondicional, ya que se 
producian efectos de una intensidad apreciable y con un desarrollo tem- 
poral adecuado para nuestros experimentos. 

Los valores promedio de glucosuria con esta dosis fueron de 
326 mgs “%. La concentracién de glucosa se obtenia de los analisis hechos 
en la orina acumulada en la vejiga durante el experimento, la cual era 
extraida por sondeo a través de la uretra 30 minutos después de la inyec- 
cién de adrenalina. Como la informacién acerca del curso temporal del 
efecto glucostrico era muy pobre debido a las limitaciones propias del 
método de obtencién de la muestra de orina, y como la finalidad de estos 
experimentos era conocer el desarrollo temporal del efecto glucostrico, 
fué necesario preparar animales con los uréteres trasplantados en la pared 
abdominal para poder asi tomar las muestras de orina durante periodos 
de tiempo mas cortos. 

Por otra parte, la latencia de estos procesos variaba en funcién del 
grado de absorcién peritoneal, por lo que para tener una mayor constancia 
en los efectos, se decidié inyectar la adrenalina por la via intravenosa. 
Asi por ejemplo, en la perra “Vampiresa” la dosis intravenosa de 100 
microgramos de adrenalina por kilogramo de peso, produjo en uno de los 
experimentos un aumento de la frecuencia cardiaca en un 190 % a los 
15 minutos de haber inyectado esta substancia. El] incremento producido 
en la glucemia fué de 100 mgs % a los 15 minutos de haber inyectado 
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adrenalina. A los 30 minutos de la inyeccion la glucosuria alcanzé valores 
de 490 mgs % (fig. 2). 

En la perra “Madame” la misma dosis de adrenalina produjo en el 
experimento ilustrado de la figura 4 A una glucosuria de 200 mgs % 
para ambos rifiones. Esta glucosuria alcanzo sus valores maximos entre 
los 10 y 15 minutos después de la inyeccién. En este mismo experimento, 
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Fic. 3.— Perra “Madame”, camara de reflejos condicionales, Incrementos en la gluco- 
suria debidos al estimulo incondicional y al estimulo condic onal sdlo. Abcisas, 
orden sucesivo de las observaciones ordenadas, glucosuhia en mgs %. Simbolos 
blancos, rinén izquierdo normal, Simbolos negros, rinén derecho normal, Linea 
continua, refuerzos. Linea discontinua, experimento control. Circulos, valores 
basales, Tr.dngulos, valores finales. 


la inyeeccién de adrenalina produjo una disminucién en la diuresis de 
ambos rifiones. Asi en esta perra la inhibicién fué de un 45 % en el 
rinon izquierdo, y de un 60% en el derecho (fig. 5 A). La diuresis 
recupero sus valores iniciales después de 30 minutos de aplicada la 
inyeccion. 

Con las demas perras se obtuvieron resultados semejantes. 

Una vez conocido el desarrollo temporal de los efectos producidos 
por la inyeccién de adrenalina, se procedié a analizar cuando deberia 
de aplicarse el estimulo condicional. Por el estudio de curvas semejantes 
a las de la figura 2, se llegé a la conclusién de que el estimulo condicional 
deberia de iniciarse simultaneamente con la aplicacién del estimulo incon- 
dicional, manteniéndose por un tiempo de 4 minutos para tener asi ase- 
gurada la coincidencia temporal de los focos de excitacién cortical produ- 
cidos por el estimulo condicional y el incondicional. En el caso de la perra 
“Madame’”’, el estimulo condicional se mantuvo por un tiempo de 20 minu- 
tos prolongandose asi este tiempo de coincidencia. 


PARTE II. — Intento de condicionamiento de los efectos producidos por la 
inyeccién intravenosa de 100 microgramos de adrenalina por kilo- 
gramo de peso. 


El siguiente paso experimental consistid en tratar de condicionar 
los efectos de la adrenalina. Para ello se hizo coincidir el estimulo con- 
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dicional con el incondicional por un ntmero variable de veces (ver 
Tabla I). Asi por ejemplo, en la perra “Madame” we efectu6 un refuerzo 
diario por un periodo de 10 dias. 

El incremento promedio de la glucosuria producida por la accién 
del estimulo incondicional fué de 213 mgs ‘ para el rifién izquierdo y 
120 en el derecho. 

El promedio de aumento en la glucemia debido a los refuerzos fué 
de 42 mgs “*. En los 10 refuerzos efectuados en esta perra, el promedio 
de inhibicion de la diuresis fué de un 37.6 % para el rifion izquierdo y 
un 44.5 “ para el derecho. 


gi oglu 
1507 300 
2004 
100} 100) 
75 
T 
30 & o «#630 60, 
Fic. 4.— Perra “Madame”, camara de reflejos condicionales, A.- Desarrello temporal 


de las modificaciones producidas en la glucemia y glucosuria por la inyeccién intra- 
venosa de 100 microgramos de adrexal'‘na por kilogramo de peso. B.- Desarrollo 
temporal de las modificac’‘ones producidas en la glucemia y glucosuria por la 
aplicacién del estimulo condicional en el experimento control. Abcisas, tiempo en 
minutos. Ordenadas, concentracién de glucosa en sangre (gli.) y en orina (glu.) 
en mgs %. Cireulos blancos, rinén izquierdo normal. Circulos negros, rinén derecho 
normal, Linea continua: glucosur a. Linea discentinua: glucemia. 


E] incremento promedio en la taquicardia producida por esta dosis 
fué de 77 pulsaciones por minuto, que correspondieron a un aumento 
de un 150 ‘ de los valores basales. 

Al onceavo dia, se realiz6 el experimento control, en el cual la solucién 
de adrenalina fué substituida por una solucion de suero fisiolégico. Esta 
inyeccién en blanco produjo un incremento en la glucosuria de 110 mgs % 
para el rinon izquierdo, vy de 90 mgs “% para el derecho (ver fig. 3 y 4 B). 
E! desarrollo temporal de este efecto glucostrico obtenido con la inyeecién 
de suero fisiolégico fué semejante al curso temporal de la glucosuria 
obtenida por las inyecciones de adrenalina (figs. 4 A y B). 

Sin embargo, la concentraci6n de glucosa en sangre no se vid modi- 
ficada durante las pruebas control (fig. 4B). 

Estos resultados se repitieron de una manera semejante en todos 
los animales utilizados (ver Tabla I). 

Por lo tanto, se concluye que se habia establecido un reflejo condi- 
cional que consistia en la aparici6n de glucosa en la orina debido ai souido 
del timbre, y por el contrario, no se habia podido condicionar el efecto 
hiperglucemiante de la adrenalina. 

A medida que se iba aumentando el numero de refuerzos, podia 
observarse que la entrada del perro en la camara era suficiente para que 
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apareciera azicar en la orina, y por lo tanto, las muestras basales de 
orina tomadas al principio del experimento, ya presentaban glucosuria, 
cada vez mas intensa (fig. 3). Por el contrario, fuera de la cAmara no 
habia glucosuria. Esto nos indicaba que el estereotipo que formaba la 
camara era suficiente para provocar la aparicién de glucosa en la orina. 

E] estimulo condicional disminuy6 la produccion de orina en el rinén 
izquierdo en un 44 % y un 45 % en el derecho (fig. 5 B). 

La disminucién promedio producida por el estimulo incondicional 


fué de un 38 % en el rifén izquierdo y un 45 “ en el derecho. Es decir, 
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Fic. 5. — Perra “Madame”, camara de reflejos condicionales. A - Modificaciones en la 
diuves s producidas por la inyeccién de 100 microgramos de adrenalina por kg 
de peso. B. - Modificaciones en la diuresis producidas por la aplicacién del escimulo 
condicional en el experimento control. Ordenadas, mi de orina producida ex 
un periodo de 10 minutos. Las columnas blancas indican los valores basales, y las 
negras las cantidades de or-na producidas después de la aplicacion de los estimulos. 
Las cifras indican el porcentaje de inhibicién en la diuresis. 1, rinén izquierdo 
normal. D, rinén derecho normal. 


que los cambios obtenidos durante la prueba control fueron de una mag- 
nitud semejante a los obtenidos por la inyeccién de adrenalina, conclu- 
yéndose por lo tanto que se habia establecido una inhibici6n condicionada 
en la diuresis. 

Las frecuencias cardiaca y respiratoria no se modificaron durante las 
pruebas de control. En estos experimentos no se habia establecido un 
reflejo condicional que las modificara. 


PARTE III. —Jnfluencia de la denervacién renal sobre la glucosuria y 
oliguria condicionadas. 


Los resultados de la serie anterior demuestran que después de esta- 
blecido el condicionamiento, el sonido del timbre produce glucosuria y 
oliguria. 

Se planted entonces el problema de conocer la via eferente de estos 
reflejos. Esta via eferente podria actuar directamente sobre el rifén 
a través del sistema nervioso, o bien, actuar indirectamente a través del 
sistema humoral. Para aclarar este problema, se dispuso de la perra 
“Madame” en la que previamente se habia confirmado la existencia de 
glucosuria y oliguria condicionadas, procediendo entonces a la dener- 
vacién total del rifién izquierdo, hecho que nos daria la posibilidad de 
separar los componentes humorales de los nerviosos. Después de un 
periodo postoperatorio de 5 dias se volvié6 a meter al animal en la 
camara, dandole siete refuerzos mas. 

El incremento promedio de la glucosuria producida por el estimulo 
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incondicional fué para el rifén izquierdo (denervado) un 48.5 % menor 
(103 mgs %) comparado con los incrementos producidos para el mismo 
rinon antes de la denervacién (213 mgs ‘%). Para el rifién derecho 
(normal), el incremento promedio fué el mismo antes y después de la 
operacién (120 mgs %) (fig. 6). 

Un hecho que nos llamé la atencién fué que la glucosuria producida 
por la inyeccién de adrenalina era para el rifion denervado de una 
latencia de 3 a 5 veces mayor que la producida por el rifén normal 
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Fig. 6.— Perra “Madame”, cémara de reflejos condicionales, Incrementos en la gluco- 


suria debidog al estimulo inecondicional y al estimulo condicional sélo. Abcisas, 
orden sucesivo de lag observaciones. Ordenadas, glucosur.a en mgs %. Simbolos 
Blancos, rinén izquierdo denervado, Simbolos negros, rinén derecho normal. Linea 
contmua, refuerzos, Linea discontinua, experimento-control, Circulos, valores ba- 
sales, Lriangulos, valores finales. 


Fig. 7.—Perra “Madame”, camara de reflejos condicionales, A.- Desarrolio temporal 
de las modif.caciones proaucidas en la glucema y glucosuria por la myeccion 
intravenosa de 10U microgramos de adrenatina por kulogramo de peso. b, - esarro- 
llo temporal de las modiicaciones producidas en la gtucemia y glucosuria por la 
aplicacion del estimulo conarcronal en el expervmento coutrol. Aocisas, empo en 
minutos, Ordenaaas, concentracion de glucosa en sangre (gli) y en ora (glu) 
en mgs. Yo. Circulos blancos, izquierdo denervado, Circulos negros, rinon 
derecno normal. Linea continua, glucosuria. Linea dwcontwnua, glucemia. 


También nos llamo la atencién el hecho de que las cifras basales 
de glucosuria en el rinon normai eran, la Mayorla ae las veces, aentso ae 
la camara, MayoOres que las corresponulentes al rinon denervauo, como 
poara apreciarse en las llguras 6 y hecno, de acuerdo con 10 
que se lmuico en la seccion anterior, podria interpretarse como ia persis- 
tencia de ja glucosuria conaicionada al estereoupo de la camara en el 
rinon normal, y de su desaparicion en el rinon aenervado. 

KI estimuio incondiciona! causo una innipicion en ja diuresis de ambos 
rifiones. La innibicion promedio proaucida en los 7 refuerzos fué en el 
riién denervado de un 67 % y en el normal de un 68 % (fig. 8 A). 

Después de aplicar 7 refuerzos, se substituy6 nuevamente, al octavo 
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dia, la inyeecién de adrenalina por la de suero fisiol6gico (fig. 6 y 7 B). 
La inyeccion de suero fisiolégico en este experimento de control, produjo 
un incremento de 80 mgs % de glucosa en la orina del rifén normal, 
mientras que en el rinén denervado no se produjo ningtin aumento, 
sino por el contrario, se observ6 una disminucién de 20 mgs % de glucosa 
de los valores basales. 

La diuresis también se vid afectada por la aplicacién del estimulo 
condicional, ya que se registro una oliguria de un 17 % de los valores 
basales en el rinon desnervado y de un 22 % en el normal. 
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Fic, 8. — Perra “Madame”, camara de reflejos condicionales. A. - Modificaciones en las 
diuresis producidas por la ‘nyeccién de 100 microgramos de adrenalina por kilo- 
gramo de peso. B.-Modificaciones en la diuresis producidags por la aplicacioén 
del estimulo condicional en el experimento control. Ordenadas, ml de orina 
producidos en un periodo de 10 minutos, Las columnas blancas ind can los valores 
basales, y las negras las cantidades de orina producidas después de la aplicacién 
de los estimulos. Las cifras indican el porcentaje de inhibicién en la diuresis. 
I, rinén izqu.erdo denervado. D, rinén derecho normal. 


Al noveno dia, se aplic6 un refuerzo mas para realizar en el décimo 
dia otro control. Los resultados de este segundo contro] fueron semejantes 
a los del primero, ya que se obtuvo un incremento de 160 mgs % de 
glucosa en la orina producida por el rifién normal, mientras que no hubo 
ninguna modificacién en la concentracion de glucosa de la orina produ- 
cida por el rifién denervado. 

El desarrollo temporal de los procesos glucostricos condicionados 
fué semejante a la glucosuria producida por la inyeccion de adrenalina 
(fig. 7 Ay B). 

La inhibicién de la diuresis en este segundo control fué de un 32 % 
de los valores basales para el rifién denervado y de un 35 % para el 
normal. 

Al onceavo dia se volvié a dar un refuerzo mas, para repetir al dia 
siguiente una tercera prueba control. Los resultados de este control 
coincidieron con los anteriores. Se obtuvo un incremento de 230 mgs % 
en la concentracién de glucosa de la orina del animal del rifon normal, 
mientras que para el rifén denervado se obtuvo un incremento de 
10 mgs %. 

La concentracion de glucosa en sangre no se vié modificada en nin- 
guno de los tres controles realizados (fig. 7 B). 

E] analisis de estos resultados nos lleva a concluir que la glucosuria 
condicionada sélo se manifest6 en aquel rifién que poseia su inervacién 
integra, y que desapareci6 al denervarlo. 
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Es decir, que la via eferente del mecanismo que determina la apa- 
ricidn de glucosuria condicionada, es nerviosa. 

Por lo que respecta a la diuresis, podemos concluir que hubo una 
inhibicion condicionada de ella, la cual no depende de la integridad 
nerviosa del rifién, por lo que hay que suponer que el mecanismo eferente 
de este reflejo es humoral. 


DISCUSION 


El hecho de que Maluf (21) no encontrase diferencias en la reab- 
sorcién tubular de electrélitos entre el rifién integro y el denervado, 
y el que Page y Baxter (23), Blake (4), Block, Wakim y Mann (5), 
Surtshin, Miiller y White (30), encontraron que las modificaciones produ- 
cidas en la excrecion de agua y electrolitos por la denervacion o excita- 
cién de los nervios renales no son debidas a alteraciones de la funcion 
tubular sino de la glomerular, ha llevado a estos autores a concluir que 
el sistema nervioso no interviene en la regulacién de la funcion tubular. 

Sin embargo, el analisis de los resultados expuestos en este trabajo, 
nos indica que el sonido del timbre, después de haber coincidido tempo- 
ralmente durante un cierto nimero de veces con el desarrollo de la gluco- 
' suria adrenalinica, es capaz de desencadenar un proceso que trae como 
consecuencia la aparicién de glucosa en orina. 

Esto es, se establecié un reflejo condicional que reproduce la gluco- 
suria adrenalinica. 

Para poder formar un reflejo condicional, es necesario que el 
estimulo incondicional actie a través de un determinado esquema reflejo, 
ademas de coincidir temporalmente con el estimulo condicional. Es decir, 
que no se lograran condicionar aquellos efectos en los que no intervenga 
el sistema nervioso central *, '™, *4, 7°, 78). 

Como se ha formado un reflejo condicional que modifica la funcién 
glucostrica, se concluye que el sistema nervioso puede intervenir en la 
regulacion del nivel de azicar en la orina. 

Como durante la aplicacién del estimulo condicional la concentracion 
de glucosa en la sangre no se ha visto modificada (", 2°) y en todos 
los casos hubo una disminucién de la cantidad de orina producida, y del 
grado de filtracion glomerular (*), la aparicidn de aztcar en la orina 
s6lo puede explicarse como resultado de la disminucién de la reabsorcion 
tubular de la glucosa (*). Ello nos obliga a suponer que el estimulo con- 
dicional activé un determinado esquema reflejo que produjo una dismi- 
nuciOn de la velocidad de reabsorcién tubular, es decir, el sistema ner- 
vioso puede, en determinadas circunstancias, inhibir la funcién de reab- 
sorcion de la glucosa. 

La integridad nerviosa del rinén es indispensable, como lo demues- 
tran nuestros resultados, para que persista el reflejo condicional esta- 
blecido. Como la glucosuria condicionada se manifesté en el rifién normal 
y no en el denervado del mismo animal, se puede concluir que la via 
eferente de este reflejo activado por el estimulo condicional es nerviosa 
y no humoral. 

En la bibliografia consultada, no hemos encontrado ningtn trabajo 
que estudie la accién glucostrica de la adrenalina sobre el rinén dener- 
vado. Al respecto, nos llamoé la atencién el hecho de que la glucosuria 
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producida por la adrenalina en el rifon denervado presenta una latencia 
como cinco veces mayor que la glucosuria producida en el rifién normal. 
Consideramos que la glucosuria que se presenta en el rifiun desnervado 
es una consecuencia directa del aumento de la concentracién de glucosa 
en sangre, como lo demuestra el hecho de que durante la accion del 
estimulo condicional, por no haber un aumento en la concentracion de 
glucosa en sangre, ni de la cantidad de orina producida, tampoco hubo 
un aumento en la concentracién de glucosa en la orina producida por el 
rinon denervado. 

Como un control suplementario de la funci6n renal se administr6 
glucosa por via intravenosa. La glucosuria obtenida en el rinén dener- 
vado fué semejante a la del rinon normal. 

Eranko y Karvonen ("", ') asi como Dearborn y Lasagna (*) al 
estudiar la inhibicion adrenalinica sobre la diuresis con dosis semejantes 
a las utilizadas por nosotros, han encontrado que esta accién posee dos 
fases: una primera de corta duracion debida a la accién directa e inme- 
diata de esta substancia sobre la circulaci6n renal y sobre la filtracién 
glomerular, vy una segunda fase mas duradera que es debida a la liberacion 
de hormona antidiurética. Estos autores citan ademas que esta segunda 
fase desaparece al denervar o eliminar la hipofisis, observandose entonces 
unicamente la primera fase. Esta fase inicial aparece durante los diez 
primeros minutos de haber inyectado adrenalina, durando de dos a cuatro 
minutos. Como se mencioné en la seccién de resultados, las muestras de 
orina se tomaban en nuestros experimentos cada diez minutos, por lo 
tanto, nuestros datos posiblemente correspondan a la segunda fase des- 
crita por Eriainko y Karvonen, que segtin estos autores es debida a la 
presencia de antidiuretina hipofisaria. 

Nuestros resultados nos indican que se ha logrado establecer una 
inhibicion condicionada de la diuresis que reproduce la segunda fase de 
la oliguria adrenalinica. 

El establecimento de esta oliguria condicionada, fué independiente 
de la existencia de la inervacion renal, ya que se obtuvo este efecto tanto 
en el rinén integro como en el denervado. 

Por lo tanto, parece que se logr6é establecer una liberacién condicio- 
nada de antidiuretina hipofisiaria, lo que significa que el sistema nervioso 
puede intervenir en la liberacién de esta hormona. Este hecho descrito 
coincide con las observaciones de Verney (**, *') sobre los factores que 
determinan la liberacién de hormona antidiurética, y las de Bykov (*), 
Lebdev y Sevastyanova ('*), Charvat, Holecek y Polak (‘) que han 
logrado establecer reflejos condicionales que modifican la liberacién de 
esta hormona. 

La taquicardia producida por la inyeccion de adrenalina es conse- 
cuencia directa de la accién de esta substancia sobre el automatismo del 
nodo seno auricular, hecho que se vio confirmado por nuestros resultados, 
va que no se puede lograr una modifcacién condicionada de la accién de 
la adrenalina sobre el automatismo nodal. 


RESUMEN Y CONCLUSIONES 


Se planted el problema de investigar experimentalmente la interven- 
cién de] sistema nervioso en la regulacién de la funcién tubular renal. 
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La funcién tubular seleccionada para este estudio fué la reabsorcion 
tubular de la glucosa. 

El] método elegido consisti6 en tratar de establecer un reflejo condi- 
cional que modificara esta funcién. Para ello se trat6 de asociar la 
glucosuria obtenida por la inyeccion intravenosa de 100 microgramos de 
adrenalina por kilogramo de peso, con el sonido de un timbre. Después 
de varias coincidencias, el sonido del timbre provoco la aparicion de glu- 
cosa en orina sin modificacones concomitantes en la concentracién de 
glucosa en la sangre ni aumentos en la diuresis. 

Esta glucosuria condicionada fué de una magnitud y desarrollo 
temporal semejante a los obtenidos por la inyeccién de adrenalina. 

Se concluye entonces, que el sistema nervioso intervino produciendo 
una inhibicién de la funcién de reabsorcion tubular de la glucosa, lo que 
tuvo como consecuencia la aparicién de la glucosa en orina. 

Se trat6 de conocer cual es la via eferente de este reflejo. Para ello 
se denervo el rinoén izquierdo de una perra que ya tenia glucosuria con- 
dicional establecida. Como la denervaci6n trajo como consecuencia la 
desaparicion de este reflejo condicional para ese rifion, se concluye que 
la funcién de reabsorcién tubular de la glucosa puede ser modificada por 
el sistema nervioso central, y que la via eferente de este reflejo es nerviosa. 

Se logr6 establecer un reflejo condicional que ocasiona una inhibicion 
en la diuresis. Esta inhibicién es semejante a la segunda fase de oliguria 
obtenida por la inyeccién de adrenalina (°,, ). Como esta segunda 
fase de inhibicién de la diuresis es debida a la liberaci6n de hormona 
antidiurética, y dado que el reflejo condicional formado persistio después 
de la denervacion del rinén, se concluye que la via eferente de este reflejo 
es humoral y probablemente debida a la liberacién condicionada de hor- 
mona antidiurética hipofisiaria. 

No se logr6 condicionar la taquicardia producida por la inyeccion de 
adrenalina, y con ello se confirm6 que la accién de la adrenalina sobre el 
automatismo seno auricular es periférica. 


SUMMARY 


An experimental approach to the problem of the role of central 
nervous system in the control of renal tubular function is presented. 

The tubular function studied was the reabsorption of glucose. The 
method employed was to establish a conditioned reflex involving this 
function. Glycosuria induced by intravenous injection of adrenaline (100 
micrograms per kilo of body weight) was associated with the sound of 
a ring bell. After several of these coincidences, the sound of the bell was 
able to produce the glycosuria without hyperglycemia or polyuria. 

Conditioned glycosuria was as great in magnitude or duration as the 
one obtained by adrenaline injection. 

It is concluded that the central nervous system inhibits the tubular 
reabsorption of glucose, and that this brings the appearance of sugar 
in the urine. 

With the idea of looking into the mechanism of this reflex effect, 
one of the kidneys was denervated in an animal with conditioned glyco- 
suria well established. As denervation produced the disappearance of 
that conditioned reflex for that particular kidney, it was concluded that 
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reabsorption of glucose by renal tubules can be under the reflex control 
of the central nervous system and that nervous pathways constitutes the 
efferent limb of this reflex. 

Diuresis inhibition could also be conditioned. This inhibition is very 
similar to that obtained secondarily after adrenaline injections, and as 
it has been shown, this diuresis inhibition is due to an increased production 
of antidiuretic hormone (*, '’, ''). Furthermore, as the conditioned 
diuresis inhibition was not abolished by kidney denervation, it is concluded 
that this effect is produced by a hormonal mechanism, possibly conditioned 
production of antidiuretic hormone. 

We were not able to condition the heart rate response to adrenaline, 
so the view that the effects of this substance on the pacemaker is a 
peripheral one is thus supported. 


El autor agradece al Dr. Ramon Alvarez Buylla por la ayuda y orientacion 
prestada para la realizacién de este trabajo. 
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EFFECT OF NEURONAL ACTIVITY ON POLIOMYELITIS 
IN MICE 


E. G. PARDO, M. ARENAS, M. V. CALDERON AND J. LAGUNA 
(INTRODUCED BY THOMAS FRANCIS, JR.) 


(Division de Investigacién Bioldgica de la Industria Nacional Quimico Farmacéutica, 
México, D. F.) 


[7 HAS been claimed that physical activity, and even exertion associated 
with transportation during pre-paralytic stages of poliomyelitis in 
man increases the severity of residual paralysis (',*). However, there is 
little experimental support for this contention. Levinson et al showed 
that in monkeys inoculated with poliomyelitis virus, fatigue produced by 
forced swimming significantly increased the severity of paralysis over 
cage controls (*). Later, Rosenbaum and Harford (*) demonstrated that 
in mice inoculated with Lansing strain of poliomyelitis virus both the 
paralysis and death rate were greater in those animals forced to run 
in a revolving drum during the day before, and 8 hours daily after intra- 
cerebral inoculation. This experiment gives no information as to the 
mechanism involved: possibly muscular fatigue, hyperactivity of the adre- 
nals, changes in carbohydrate equilibrium, etc. On the other hand, there 
is evidence that could be interpreted as indicating that motor neuron acti- 
vity may be responsible for enhancing the severity of paralysis. The 
ipsilateral protection from lesions to motor neurons by section of the 
sciatic nerve reported by Howe and Bodian (") and interpreted by them, 
because of the latent period between section and appearance of refrac- 
toriness, as resistance due to nerve regeneration, could also be attributed 
to absence of reflex neuron activity. In this sense, too, Pardo and Es- 
chenbrenner (unpublished observations) observed that alcoholization of 
the sciatic nerve in monkeys protected the ipsilateral neurons, as judged 
from a smaller number of anatomic lesions in the cord on that side, 
without the latent period considered necessary by Howe and Bodian. 
Therefore, it seemed convenient to analyse the effect of neuronal acti- 
vity directly on development of paralysis in experimental poliomyelitis. 


METHODs 


Groups of 10 Swiss mice were inoculated by intraspinal route with 
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mouse-adapted strain of Type I poliomyelitis virus of Li and Schaef- 
fer (°°), using 10 LD; in .02 ml. This strain of virus has two advantages: 
rather stable titre upon intraspinal inoculation and rapid onset of para- 
lysis or death, so that observations may be limited to a period of 15 days 
instead of 21 as with the Lansing strain by intracerebral inoculation. 
The mice were then placed in individual supports which left the hind 
limbs free and allowed them to eat and drink freely. In 2 such groups 
a 56g weight was suspended from the right hind leg immediately after 
inoculation. In 2 other groups the weight was suspended from the left 
hind leg. The animals were left in this position for 24 hours. They were 
then freed, examined for paralysis and left overnight in individual cages. 
They were examined the next morning for paralysis and placed in the 
special supports for 8 more hours. On the third day, either in the morning 
if there was evidence of advanced paralysis, or after another 8 hour 
period in the supports, if no paralysis or slight paralysis was noted, the 
animals were sacrificed and their cords prepared for histological study. 
Control groups maintained in the supports continuously for 72 hours sho- 
wed no abnormalities in movements of their hind legs, a few minutes 
after being taken down. The experimental animals were examined at 
least 15 minutes after being placed in normal] posture. The criteria for 
evaluation of the results were as follows: each hind limb was classified 
as non-paralyzed, or as having paralysis of grade I (first sign of paraly- 
sis), grade II (clearcut but not total paralysis) or grade III (completely 
paralyzed limb maintained in the position typical of the disease). Two 
persons made independent observations and scored the results. There 
was only occasional disagreement as to the appearance of initial signs 
of paralysis. When this was the case, the limb was scored as not paralyzed. 


RESULTS 


The data are presented in Table I, which includes columns for total 
number of limbs showing paralysis of any sort and for number of limbs 
showing advanced paralysis (grades II and III) in each of the 4 expe- 
riments. For analysis, the results from all experiments were combined 
and the significance of the difference between weighted and non-weighted 
sides at various times of observation was calculated from a binomial pro- 
bability distribution table (*'), using frequency of paralysis in the non- 
weighted sides as a measure of expected reactions. The results of this 
analysis are summarized in Table II. Though rightleft bias was presu- 
mably eliminated in the experimental design by weighting the right 
side in 2 experiments and the left side in 2 others, an analysis was also 
made of the difference between the 2 sides, the results of which are also 
summarized in Table II. For estimating the significance of the difference, 
the left side was taken as a measure of expected reactions. In all cases, 
as regards “P”, the value for the parameter is given in parenthesis as 
read from the table of probability distribution, but the usual arbitrary 
levels of confidence below which “P” falls are also tabulated. 

It is apparent that a significant difference between weighted and 
non-weighted sides exists. It is interesting to note that. when all grades 
of paralysis are considered, the significance of the difference between 
weighted and non-weighted sides is greater in earlier observation but 


EFFECT OF ACTIVITY ON POLIOMYELITIS 143 


TABLE I 


Paralysis in weighted and non-weighted limbs in mice inoculated with 
Poliomyelitis virus 


Weighted limbs Non-weighted limbs 


Exp. N® Paralyzed Paralyzed 


All Grades |Grades II & III) All Grades |Grades II & III 


1. Right limb weighted | | 


24 hr. | 3* 1 0 0 
40 ,, 6 1 1 0 
48 ,, 10 2 x 1 
56 ,, | 10 10 8 4 
| 
2. Right limb weighted 
24 hr. 2 0 1 0 
40 ,, 5 1 1 0 
48 ,, 7 2 4 1 
Ss. 10 6 9 3 
| 
3. Left limb weighted 
24 hr. q 1 2 0 
40 ,, 7 1 2 0 
48 ,, 7 1 2 0 
56 ,, 6 3 5 2 
12 ,, 7 4 5 | 3 
| 
4. Left limb weighted 
24 hr. 2 0 1 | 0 
40 ,, | 5 1 3 2 
48 , 5 2 4 | 2 
56 ,, 6 2 4 2 
72 ,, | 7 3 6 2 


* N° of limbs paralyzed out of 10 limbs weighted or non-weighted limbs. 


when only advanced paralysis is considered, the significance is greatest 
at the final moment of observation. In contrast to the above, when para- 
lysis of all grades is considered there is no difference between the right 
and left sides, and certainly there is no right-sided predominance. When 
only advanced paralysis is considered, a right-sided predominance may be 
detected but significance may be assigned to the difference only at the 
final moment of observation. 


The histological study * of the cords contributed corroboratory evi- 


* The histological stucy of the cords was carried out hy Dr. Manuel Zujiga, to 
whom we wish to express our appreciation, 
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TABLE II 


Analysis of influence of weighting and of side on rate of paralysis in mice 
in all experiments 


Weighted vs. non-weighted in regards to paralysis of all grades 


hr. Weighted | Non-weighted Significance of Diff. ** 
| 
| 
24 14* 4 P< .0001 (.00001) 
40 | 23 7 P< .0001 (.00000) 
48 29 18 P< .001 (.00019) 
56 32 26 P< .05 (.03025 


Weighted vs. non-weighted in regards to advanced paralysis 


24 2 0 P< 10 (.06074) 
40 | 4 2 P< 2 (.13815) 
418 9 4 P< 01 (.00805 
56 21 11 P< .001 (.00093) 
Right vs. left sides in regards to paralysis of all grades 
Right Left Significance of Diff. 
24 | 8 10 P< 50. (.81805) 
40 16 14 P< .50 (.30536) 
48 : 23 24 P< .50 (.68852) 
56 29 31 P< 50 (.80876) 
Right vs, left sides in regards to advanced paralysis 
24 | 1 i | P< 50 (.55450) 
40 4 2 } < 20 (.13815) 
48 6 5 P< .50 (.38378) 
56 20 12 P< #1 (.00625) 


* N® of limbs paralyzed. Total N® of limbs is 40 in all cases. 
** See text. 


dence of but slight significance since a great number of neurons showed 
only initial signs of abnormality and adequate counting was difficult. 
However, the findings were compatible with the results of direct obser- 
vation of paralysis. Using chromatolysis and nuclear basophilis as cri- 
teria of abnormality, the examination of 128 sections from 10 mice chosen 
at random resulted in the data presented in Table III. The number of 
sections from each mouse and the total number of damaged cells in the 
weighted and in the non-weighted sides of the cord are tabulated. The 
mean number of abnormal neurons per section was 1.26 = 0.18 (s.e.) in 
the non-weighted side and 2.21 = 0.27 (s.e.) in the weighted side. A “t” 
test applied to the difference in means gave a value of “P” lower 
than .005. When individual mice were considered and an arbitrary con- 
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fidence limit was set P (.05), significant difference between the two 
sides was found in only three animals, N° 6, 14 and 17. In 3 cases 
the number of damaged cells was greater in the weighted side. The 
table also includes a summary comparison of the numbers of normal 
cells in the sections studied. The percentages of damaged cells in the 
total cell population was 26.3 for the non-weighted side and 42.6 for the 
weighted side. 


TABLE Ill 


N° of damaged cells in sides of spinal cord corresponding to weighted 
and non-weighted sides 


N® of damaged cells 


° ° 

er Nv of sections | Non-weighted side| Weighted side 

3 14 33 | 36 

4 10 25 23 

5 | 11 5 j 6 

6 | 16 3 26 

8 | 17 14 9 

13 15 7 | 1 

14 9 1l 45 

15 11 38 61 

17 15 11 | 49 

19 | 10 14 | 27 

Mean 1.26 2.21 

Stand. dev. 2.09 3.08 

Stand. error 18 27 

Total number of normal cells 450 382 

Total number of damaged cells 161 283 

Percentage damaged cells 26.3 42.6 

DISCUSSION 


The experiment was based on the hypothesis that an added weight 
on one limb increased muscular tone and neuronal activity on the same 
side. Care was taken that in hanging the weight on the selected limb the 
adhesive tape with which it was attached would distribute the tension 
over a large area of the leg so that the fundamental effect of the weight 
was to stretch the limb, presumably stimulating propioceptors on muscles 
and tendons and thereby activating reflex pathways involving the ipsila- 
teral motor neurons. On the other hand, since in each case the individual 
animal was its own control, the results may not be attributed to factors 
operant on the entire animal. 

When data in Table I are analyzed in relation to the individual 
10 animal experiments, it is apparent that the difference between weighted 
and no-weighted sides is greater in the 2 experiments where the weight 
was suspended from the right side. Insofar as it applies to advanced 
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paralysis, this fight be attibuted in part to a right-sided predominance, 
but the explanation for the disparity among the 4 experiments may then 
also be sought in that each one was performed on a different date, on 
animals selected from different populations, and with virus dilutions 
prepared for each occasion. However, the variation among the experi- 
ments does not seem to invalidate the conclusions, since even without 
evaluating the magnitude of the difference between weighted and non- 
weighted sides, if the results of each experiment are considerer as merely 
qualitative answers to the question of weighted versus non-weighted pre- 
dominance and if a chance probability of .50 is assigned to each possibi- 
lity, the fact that all 4 show a difference of any magnitude in favor of the 
weighted side in itself only a 1/16 (0.06) probability of the results 
having occurred accidentally. The cause of the moderate right-sided pre- 
dominance may be sought in the possibility that a right-handed operator, 
in inoculating by the intraspinal route, may tend to deposit virus more 
frequently in the right side of the cord, or to cause greater trauma to that 
side. However, the right sided predominance may also be a direct result 
of the influence of the weighting itself, since the data from which the 
conclusion becomes apparent are taken from the first two experiments 
which coincide in showing a more rapid over all appearance of advanced 
paralysis. Under such conditions, since in both of these experiments the 
right side was weighted, the effect becomes magnified and may result 
in an apparent right sided predominance. 

The demonstration that it is possible to alter the course of poliomye- 
litis through the modification of nervous activity would make it seem 
logical to study the influence of drugs which stimulate or depress motor 
neurons on the course of experimental poliomyelitis. One such drug, 
mephenesin, has been tested by Cochran with negative results. 


SUMMARY 


An attempt was made to analyze the influence of neuronal activity 
on the course of experimental poliomyelitis in mice. It was found that 
the rate of development of paralysis was significantly greater on the side 
where reflex muscular activity was increased by weighting the limbs than 
on the non-weighted side of the same animals. 
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THE ACID SOLUBLE NUCLEOTIDES OF RAT KIDNEY 


RAUL N. ONDARZA * 
(Biochemistry Department, The University of Glasgow, Scotland) 


| STaaxer in the nucleotides of the acid soluble fractions obtained from 
various tissues, such as mammary gland and liver, has recently 
increased, since these fractions contain appreciable amounts of free 
nucleotides, which are possible intermediary compounds in the synthesis 
of the nucleic-acids [Hurlbert & Potter, 1952"); Edmonds and Le Page, 
1953 (°) ; Schmitz, Hurlberg and Potter, 1954 (**]. 

Moreover, the uridine compounds found by Caputto et al (*), in yeast, 
have also been shown to be present in animal tissues. Uridinediphospho- 
glucose (UDPG) which was shown by Caputto et ai, 1950 (*), to be the 
coenzyme for the enzyme galacto-waldenase, has been found in rat and 
chicken liver as well as in rat mammary gland by Rutter & Hansen, 
1953 (**). UDPAG found by Cabib et al, 1953 (*) in yeast, has been de- 
monstrated in guinea pig liver by Smith & Mills, 1954 (**), who have also 
shown the presence of uridine nucleotides in guinea pig mammary gland 
using chromatographic techniques, 1954 (‘*). More recently a new nu- 
cleotide, UDPAGA, has been isolated from cow’s liver by Pontis Vi- 
dela, 1954 

In this paper, the acid-soluble fraction of rat kidney was studied 
by ion exchange chromatography [Cohn, 1950 (*)] and the nucleotides so 
separated were identified by paper chromatography and enzymic tech- 
niques. 


MATERIALS AND METHODS 


Triphosphopyridine nucleotide (TPN), 80% purity, was obtained 
from Sigma Chemical Co. 

Uridine triphosphate (UTP), was a synthetic preparation prepared 
and kindly donated by Professor A. R. Todd, Cambridge University. 

Yeast hexokinase was extracted from baker’s yeast by the method 


* British Council Scholar (Present Address, Laboratorios Lederle, S. A., Calzada 
de Tlalpan N° 3092, México 22, D. F.). 

UDPG = Uridinediphosphoglucose. UDPAG = Uridinediphosphoacetylglucosa- 
mine. UDPAGA = Uridinediphosphoacetylgalactosamine. 
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of V. G. Allfrey & C. G. King, 1950 (‘) and purified by the method of 
E. C. Slater, 1953 (*5). 

Phosphoglucomutase was prepared and purified from rabbit muscle 
by the method of Najjar, 1948 ("°). 

Uridy! transferase and glucose-6-phosphate dehydrogenase were pre- 
sent in the Zwischenferment preparation as prepared by the method of 
Le Page & Miiller, 1949 (*). Nucleoside diphosphokinase was also found 
present in this Zwischenferment preparation. 

Uridine diphosphate glucose (UDPG), and Uridine diphosphate ace- 
tylglucosamine (UDPAG) were prepared from yeast by the method of 
Caputto, Leloir, Cardini and Paladini, 1950 (*) and Cabib, Leloir and 
Cardini, 1953 (*). 


Ice-cold perchloric acid (PCA) extraction method 


Twenty four rats were killed by exsanguination and the kidney collec- 
ted (37 g fresh tissue) and homogenised (Waring Blendor) at 0°C with an 
equal weight of crushed ice plus 2 vols. 6 ‘“« PCA (ice-cold) for 1 minute. 
homogenate was centrifuged at 0° C for 5 minutes and the supernatant 
immediatly neutralized with 2N KOH. The tissue residue was reextracted 
with 20 ml ice-cold 3 “% PCA in the blendor for 1 minute, centrifuged 
at 0° C for 5 minutes and the supernatant neutralized with 2N KOH. The 
supernatants were pooled and centrifuged for 5 minutes to spin off 
the KC104. The acid soluble extract was adjusted to pH 9 with 10 % 
NH,OH. 


Ton-exchange in column by the method of Cohn (1950) 


The column was prepared according to the method of Cohn (1950) (°) 
and the acid-soluble extract at pH 9 was applied directly to a Dowex 1 CI’ 
column (10cm xX 4.8cm?) and washed well with distilled water until 
the effluent showed no U.V. absorption. The apparatus used was a 
Unicam §S.P. 500 quartz spectrophotometer. 


Elution. — The solvents utilized were: 0.005 N HCl; and 0.01 N HCl 
containing 0.01 M; 0.03 M; 0.05 M; 0.10M and 0.50 M NaCl. The collec- 
tion of the effluents was done with a fraction collector. The U.V. absorp- 
tion of each fraction was determined at 260 mu. 


Adsorption and reelution. — After the determination of U.V. absorp- 
tion maximum for each peak, activated charcoal was added to the eluate 
to adsorb the nucleotides, (2 mg activated charcoal/Optical density Unit 
at 260 mu for 30 minutes) centrifuged and the nucleotides reeluted from 
the charcoal with 25 ml. 50 % Ethanol made slightly alkaline with a few 
drops of 10 % NH,OH, for 30 min. 

Paper chromatography of the nucleotides.—The method utilized in 
this work was that of Paladini and Leloir, 1952 ("'). 

Paper chromatography of the bases. —It was carried out by the 
method of Wyatt, 1951 (**). The nucleotide areas from chromatography 
in ethanol ammonium acetate were eluted with water and hydrolysed for 
1 hr. at 100° C in N HCl, dried in vacuo over solid KOH and soda lime, 
dissolved in small volume of H.O and applied to the paper. 

Nucleotides, nucleosides and free bases were localized by the method 
of Markham & Smith, 1949 (*), using a Hanovia Chromatolite U.V. lamp. 
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RESULTS 


The elution diagram. — The acid soluble extract (PCA) from rat 
kidney was studied by column chromatography. We obtained an elution 
diagram (see fig. 1) with characteristic peaks representing the nucleo- 
tides which absorb in the U.V. of the vicinity of 260 mu. 

Peak M presents a large amount of fluorescent material and pro- 
bably some nucleotides. 


AB c G H J K M 
- 
0.01N 1N HCL 0.01N HCL O.OINHCL O.OINHCL 
$ 4 4 
10 
Bos} 
a4 
EFFLUENT, mi. 
Fic. 1.— The elution diagram of U.V. absorbing material shown in figure 1. 


Paper chromatography of the nucleotides.— As our main interest 
was originally about the presence of uridine nucleotides in this tissue, 
of the type described by Caputto et al (UDPG, 1950*) and by Cabib et al 
(UDPAG, 1953 *) we made a first screening of the peaks by paper chro- 
matography using the above mentioned technique. 

Fig. 2 shows the spots obtained from each peak when the chromato- 
gram has run for 18hrs. in ethanol-ammonium acetate (Paladini and 
Leloir, 1952"). 

Presence of UDPG and UDPAG. — We identified chromatographically 
and enzymatically spot K3 (see fig. 2) which corresponds to the nucleotide 
described by Caputto et al in yeast. It gives the same Rf in ethanol- 
ammonium acetate as the standard prepared by us from yeast. It has a 
maximum absorption of 260-262 mu. The identity was checked by pyro- 
phosphorylation of the paper eluate using the reaction of Munch-Peter- 
sen et al, 1953 (°). 

Another spot, J1 (see fig. 2) after hydrolysis, gives a base corres- 
ponding to the standard of uracil; furthermore the nucleotide has the 
same Rf as the standard of UDPAG prepared from yeast. It shows a 
maximum absorption between 260-262 mu. 


Presence of other nucleotides. — Evidently there are several more 
nucleotides (fig. 2) which showed by paper chromatography presence of 
the bases, adenine, guanine and probably cytosine, and at least five spots 
corresponding to substances that we have not been able to identify. We 
fee] it would be necessary to identify the bases by bidimensional paper 
chromatography. 
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Fic, 2.— Paper chromatography in Ethanol-Ammonium acetate for 18 hrs. 


NUCLEOTIDES IN RAT KIDNEY 151 


With the studies carried out up to now about these nucleotides we 
are not able to give more details about their distribution. 


SUMMARY 


The acid-soluble nucleotides from rat kidney, have been separated by 
ion-exchange chromatography (Cohn, 1950). The nucleotides were ad- 
sorbed on charcoal, eluted in 50 % ethanol and studied by paper chroma- 
tography (Paladini and Leloir, 1952). The base analysis of each nucleo- 
tide was determined by the technique of Wyatt (1951). 

UDPAG and UDPG were found to be present as well as deriva- 
tives of cytosine, adenine, uracil and guanine. The UDPG was identified 
enzymatically by the reaction of Munch-Petersen, Kalckar, Cutolo and 
Smith (1953). 


The author wishes to thank Dr. George T. Mills and Evelyn E, B, Smith for 
their constant help and encouragement during this work. He also wishes to thank 
them and Professor J, N. Davidson for the facilities made available to him during 
his stay in the Biochemistry Department of Glasgow University. 
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Plasma inorganic phosphorus in newborn rats. by R. H. MIGLIORINI 
AND A. BEREZIN. (Departamento de Fisiologia, Faculdade de Medicina, 
vibeirdo Preto, Sao Paulo, Brasil). 


Plasma inorganic phosphorus was determined in newborn rats and in acult rats. 
It was found that IP raises from birth up to 15 days and falls in adult rats, being 
the values of newborns higher than those of adults. 

The relationship between growth hormone and plasma inorganic phosphorus is 
discussed. 


Racial] distribution of AB, Rh and MN blood systems in residents of 
the province of Jujuy (Argentina). by J. L. Scaro. (Instituto de Biologia 
de la Altura, Universidad Nacional de Tucuman, S. S. de Jujuy, Argen- 
tina). 


A study of AB and Rh blood systems in residents of the Province of Jujuy 
showed an increase of the 0 and Rh positive factors and a corresponding decrease 
of the A and Rh negative factors. These changes can be related to a greater pro- 
portion of indian blood in the sample of population investigated. 

The distribution of M, N and MN factors showed no difference with that found 
in other racial groups. 


July 4th, 1957 


Secondary sexual characters in the castrated male toad treated with 
sexual hormones and folic acid or aminopterin. by J. C. /PENHOS AND 
A. F. CARDEZA. (Instituto de Biologia y Medicina Experimental, Costa 
Rica 4185, Buenos Aires). 


The secondary sexual characters of the male toad Bufo arenarum Hensel (black 
callosity of the thumb and croaking) disappear by castration, but this effect is 
counteracted by the administration of testosterone propionate and potentiated by 
estradiol benzoate. The effects produced by castration are not modified by folic acid, 
but they are reinforced by aminopterin, 

Aminopterin inhibits the effect exerted by the testosterone propionate on the 
secondary sexual characters of the toad. Conversely, neither the administration of folic 
acid nor of aminopterin modify the effect exerted on them by the estradiol benzoate. 

The growth of Bidder’s organ produced by castration is inhibited by both hor- 
mones, but much more intensely by estradiol. Folic acid reinforces the effect of the 
hormones while aminopterin partially inhibits the effect exerted by estradiol ben- 
zoate on the Bidder’s organ. 
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About the value of renal graft as evidence of the humoral mechanism 
in experimental renal hypertension. by A. C. TAQUINI, P. BLAQUIER AND 
A. C. TAQUINI (JR.). (Centro de Investigaciones Cardiolégicas, Fundacion 
V. E. Grego, Facultad de Ciencias Médicas, Azcuénaga 985, Buenos Aires). 


Arterial hypertension was produced in ten dogs according to the technique of 
Goldblatt, bilateral renal ischemia in five and urilateral ischemia and nephrectomy 
of the remaining kidney in other five. After 4 to 65 days a biopsy of the ischemic 
kidney was obtained under anesthesia. The kidney was later removed and grafted 
in the neck of a normotensive dog. Once the circulation of the grafted kidney was 
established, the blood pressure variation of the receptor were registered and anterial 
tlood samples and biopsies of the grafted kidney were obtained at different times for 
renin content. 

In 8 out of 9 dogs with an ischemia of more than 22 days duration the renin 
content of the kidneys was almost the same as the control values. The renin found 
in the kidney increased in all cases (25 to 100%) during the time the organ was 
grafted in the neck of the receptor. The blood pressure of the receptor animal in- 
creased in 10 out of 12 experiments within a range from 10 to 60 mm Hg, 

The variations in the renal renin concentration observed during the grafted 
period in this type of experiment do not allow one to make deductions about the 
humoral mechanism of chronic renal hypertension. 


Influence of the previous estrogen treatment on the intrasplenic 
ovary graft. by E. FELs. (Instituto de Maternidad “Prof. A. Peralta 
Ramos’, Austria y Las Heras, Buenos Aires). 


When an ovary from a rat treated with estrogen is grafted into the spleen of 
a castrated rat, its blastomatous transformation does not take place, as it does nearly 
always without the previous treatment. 

The tumor does not appear also when the rat is given estrogenic treatment 
before receiving the graft of a normal ovary. 

The two facts are explained by the restraining effect of the estrogens upon 
the hypophysis of the donor animal in the first case, and of the receptor in the 
second, an effect that does not disappear immediately after the interruption of 
the estrogens. 

On the other hand, in more than half of the cases, the tumor of the graft 
develops when the donor animal and the receptor animal have received previous estro- 
genic treatment. 

This fact, paradoxical in view of the forementioned results, we cannot explain. 


Intrasplenic graft of the rat testicle previous!y treated with estrogens. 
by E. FELS AND G. E. Bur. (Instituto de Maternidad “Prof. A. Peralta 
Ramos’, Austria y Las Heras, Buenos Aires). 


When a testicle previously treated with estrogens is grafted into the spleen of 
a castrated rat. no tumor is produced, resulting an atrophy and resorption in the 
majority of the cases, which contrasts with the cbservation carried out with the graft 
of a normal testicle. 

Consequently, the harm caused by the estrogens is irreversible not only to the 
germinative tissues, but also to the interstitial cells of the grafted testicle. 
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Bradycardic and vasodilator effect of acetylcholine in normal dogs 
and in dogs with adreriay atrophy produced by Rhothane (DDD). by 
J. A. OSORIO AND A. KRAEMER. (Instituto de Fisiologia Experimental, Fa- 
culdade de Medicina, Porto Alegre, R. G. do Sul, Brasil). 

The authors studying the bradycardic and the vasodilator effects of the acetyl- 
choline determined at first the liminal dose of the cardiac arrest. 

They agree that the bradycardic effect must occur very near to the dose that 
causes the cardiac arrest and they verify that diminishing the dose of the drug, there 
continued to occur a loss of the blood pressure followed by a compensate tachycardia 
instead of bradycardia attributed to the vasodilator effect of the acetylcholine, 

In the same group of animals with adrenal atrophy the absence of modifications 
in the cardiac frequency in spite of the loss pressure, shows, the interest in 
making simultaneous works of hemodynamics in order to verify this mechanism of 
action, 


Effect of ether on the hypoglycemia produced by sulphonamides, by 
R. H. MIGLIORINI AND J. C. PENHOS. (Instituto de Biologia y Medicina 
Experimental, Costa Rica 4185, Buenos Aires). 


Ether or Chroloform anesthesia prevents or decreases the hypoglycemic effect of 
Carbutamide (BZ 55) or insulin in toads and rats. 


Influence of acetaldehyde on the inhibition of aldehyde dehydroge- 
nases by thiols. by A. O. M. SToPPAN! AND C. MILSTEIN. (Cdtedra de 
Quimica Biolégica, Facultad de Ciencias Médicas, Universidad de Buenos 
Aires, Paraguay 2155, Buenos Aires). 

Acetaldehyde diminishes the inhibition of !iver and yeast DPN-aldehyde dehydro- 
genases by mapharside, ethylmaleimide and o-iodosobenzoate, and the inhibition of 
yeast DPN-aldehyde dehydrogenase by iodoacetate. It does not affect the action 
of p-chloromercuribenzoate on liver aldehyde dehydrogenase or yeast TPN-aldehyde 
dehydrogenase neither the latter inhibition by mapharside, o-iodosobenzoate and 
ethylmaleimide though acetaldehyde slgihty diminishes of the inhibition of yeast TPN- 
aldehyde dehydrogenase by iodoacetate. From this and other evidence it is concluded 
that the essential role of thiols in aldehyde dehydrogenases is bound to the function 
of the coenzime. ; 


Histochemical study of the experimental production of iron stores 
in the reticuloendothelial system. by R. L. CABRINI AND A. O. Poco. (Jns- 
tituto de Anatomia General y Embriologia, Facultad de Medicina, Bue- 
nos Aires). 

The incorporation of iron under the ferrous and ferric form is followed by the 
production of a substance which is elaborated by reticular-endothelial cells and pre- 
sents well defined cytochemistry reactions (Pearls, PAS + and Sudan B 4, the last 
one inconstant). The phagocytosis of colloidal gold is not followed by the production 
of this substance. This substance is considered as hemosiderin which has cifferent 
ways of reaction, corresponding to different conditions. 


Eosinophilopenic action of piribenzamine in normal and adrenalecto- 
mized rats. by J. L. SCARO AND H. CHIopI. (Instituto de Biologia de la 
Altura, Universidad Nacional de Tucumdn, S. S. de Jujuy, Argentina). 


Piribenzamine injected intraperitoneally to white rats produces in a four hours 
period a significant fall of the circulating eosinophils. Adrenalectomy did not prevent 
the eosinophils fall produced by P.B.Z. 
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